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IDE is the state-of-the-art in 
computer-aided software engineering 



Interactive Development Environments 
offers a powerful family of graphical 
editors and an integrated software 
development environment. 

IDE’s workstation-based tool environment includes: 

• support for several widely used analysis and design 
methods, including Structured Systems Analysis, 
Structured Design, and User Software Engineering, 
with extensive checking built into the tools 

• the IDE Data Dictionary system, which can be 
edited directly from the graphical editors; it 
supports definition of names, along with types, 
constraints, aliases, and associated text 


Software through Pictures™ 
graphical editors 

• Dataflow Diagram Editor 

• Structure Chart Editor 

• Data Structure Editor 

• Entity Relationship Editor 

• Transition Diagram Editor 



Visible Connections™, an open software 
architecture to support extensions to the tools 

a compact and efficient relational database 
management system to support the project 
database and IDE Data Dictionary 

consistent user interfaces to the graphical tools 

a powerful tools library to support additional 

tool and application development 

available now for the Sun, Apollo, and VAXstation 

Workstations 


• rapid prototyping and application generation 
with the RAPID/USE system 

• support for real-time extensions to structured 
analysis 

Interactive Development Environments is pushing back the frontiers of technology in computer- 
aided software engineering. Our tools represent an outstanding value for their performance and 
capabilities, with substantial discounts available to universities for teaching and research. Contact 
IDE and see how we can help to improve your software engineering environment. Call us, telex 
us, or send us electronic mail at ucbvax!sun!ide!sales. 
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INTERACTIVE Sales and Information: 

DEVELOPMENT Tel: (415) 543-0900 

ENVIRONMENTS 


150 Fourth Street, Suite 210 • San Francisco, CA 94103 • Telex: 184 324 IDE 

™ Software through Pictures and Visible Connections™ are trademarks of Interactive Development Environments, Inc. 

VAX station is a trademark of Digital Equipment Corporation. 
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NEW FOR NETWORK DESIGNERS 


BEFORE 



Costs and delays of programming 


AFTER 



See how your proposed network performs under various workloads 

NETWORK II.5 now gives you easy-to-understand simulation 
results quickly—no programming 


W ith NETWORK II.5 you 
enter your computer or 
communications network descrip¬ 
tion. 

Simulation follows immediately 

--no programming delays. 

Easy to understand results 

Your reports show utilization, 
queues, execution times, response 
times and conflicts. 

Graphical reports show hardware 
layout, software data flow, and 
device utilization. 

Seeing graphical results 
increases everyone’s understanding 
of your proposed network and 
builds confidence in your analysis. 


Free trial and training offer 

The free trial contains everything 
you need to try NETWORK II.5® 
on your computer. 

You can study your network or 
modify our example. If you have 
questions, just call us for an 
immediate response. 

No cost, no obligation. 

Act now-limited offer 
For a limited time we also 
include free training. 

For immediate information 

Call Paul Gorman at (619) 
457-9681. In the UK, call Steve 
Wombell on (01) 940-3606. 


With NETWORK II.5 you get 
results sooner and they are better 
understood. 

I 

Rush information on 
NETWORK II.5 free trial and 
I training 

I Free trial-learn the reasons for the 
I broad and growing popularity of NET- 
1 WORK II.5 —no cost, no obligation. 
Limited offer-return the coupon today 
and we will include one free course enroll- 
| ment worth $850. 







Your system simulated 

You can analyze any computer 
or communications system including 
local area networks. 

You can simulate some portions 
of the system at a detailed level 
and others at a coarser level. 

Widely used protocols are built-in 
-you just make a choice. 


Computers with NETWORK n.5 

• IBM PC XT-AT or compatible. 

• Most Mainframe computers: 
IBM, VAX, Gould, Data General, 
Sun, Cray, ETA and UNISYS. 

The quickest, easiest way for 
you to evaluate network alternatives 
is with NETWORK D.5. 


Return to: 

CACI IEEE co 

3344 North Torrey Pines Court 
La Jolla, California 92037 

Or, better yet, call Paul Gorman at 
(619) 457-9681 
In the UK 

CACI 

26 The Quadrant 

Richmond, Surrey, England TW9 1DL 

Call Steve Wombell on (01) 940-3606 


NETWORK 11.5 is a registered trademark and service 
mark of CACI, INC.-FEDERAL 
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ARTICLES 


Guest Editors’ Introduction: 

CAD-Based Robot Vision 

Bir Bhanu 

CAD-Based 3D Object Representation for Robot Vision 

-I. If gj r Bhanu and Chih-Cheng Ho 

Computer vision researchers lack a systematic approach for building object models for industrial environments. We propose a 
CAD-based approach for building representations and models for applications involving 3D object recognition and manipulation. 


37 


A CAD System Based on Spherical Dual Representations 

John W. Roach, Praveen K. Paripati, and Jeffrey S. Wright 

Most CAD systems for 3D modeling use geometric representations incompatible with vision technology. Here, a CAD system based ) 

on an extension of the Gaussian image, the spherical dual representation, preserves duality. 


46 


Prediction-Based Vision for Robot Control 

Michael O. Shneier, Ronald Lumia, and Martin Herman 

This sensing and control system employs a feedback loop to bring a robot’s internal representation of its environment into registration 
with the real world. 


58 


Model-Based Strategy Planning for Recognizing Partially Occluded Parts 

Radu Horaud and Thomas Skordas 

Recognizing partially occluded objects requires off-line modeling and planning, and runtime recognition. After deriving a customized 
method, we can compare recognition with and without off-line planning. 


66 


CAD Model-Based Localization of Parts in Manufacturing 

Kristjan T. Gunnarsson and Friedrich B. Prinz 

We need automatic part localization in flexible manufacturing. One method of achieving it uses i 


. CAD model and sparse data. 


76 


Model-Based Programming and Control of Robot Manipulators 

Charles N. Stevenson 

Multiple sensor systems and geometric object models can help a manipulation system adapt to uncertainty in its environment. 


SPECIAL REPORT 


85 


The Effect of Abstract Data Types on Program Development 

Jeffrey Mitchell, Joseph E. Urban, and Robert McDonald 


An experiment demonstrated that using unsupported abstract data types increases program development time for novice programmers 
in an Ada environment. 
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12th Conference On 
Local Computer Networks 

October 5-7,1987 Minneapolis, Minnesota 

You are invited to attend 


"Interconnection Between A MELNET Local Area Network 
and A Packet Switching Wide Area Network," T. Kakuno, S. 
Nakatsuka, M. Ishizaka, T. Ichihashi, Y. Ujahashi & S. Seno, 
Mitsubishi Electric Corporation 

"Enhancing a Local Area Network For Internetworking/' A. Yu, 

J. W. Atwood & T. Radhakrishnan, Concordia University 

8:30 a.m.-10:15 a.m. Session 4b - Performance 

"Ethernet Performance," K. Prasad & D. Singhal, University 
of Lowell 

"A Performance Study OF An Ethernet-Based Image 
Transmission Protocol," S. E. Hauser & M. A. Crocker, 

National Institutes of Health 

"Performance Analysis Of Hierarchical Ring Networks," 

K. Kant, Pennsylvania State University 

"Architecture for Evaluating L AN T raffic and Performance," 

C. E. LaBarre & P. J. Brush, MITRE Corporation 

10:45 a.m.-12:15 p.m. Session 5a - Interconnecting HI 

"Pre-OSI Connectivity For PC LANs," D. F. Komblum, 

Bell Communications Research 

/Local Area Network For Space Station Applications," T. Chan 


Tutorials - Paper Sessions - Panel Sessions - Discussions of Practical Experience 

A Conference Specializing In 

r- local networks - 

Program Includes: 

Monday, October 5, 1987 
7:30 a.m.-9:00 a.m. Registration 
9:00 a.m.-5:00 p.m. Tutorial 1 

"Open Systems Standards and Technology," Hal C. Folts, 

Omnicom, Inc. 

9:00 a.m.-5:00 p.m. Tutorial 2 

"Internetworking," Doug Jacobson & Jim Davis, Iowa 
State University 

Tuesday, October 6, 1987 
8:00 a.m.-9:30 a.m. Registration 
9:30 a.m.-ll:00 a.m. Keynote Session 
"Digital's Strategic Network Vision," Robert Murray, 

Division Manager, Network and Communications 
Marketing, Digital Equipment Corporation 
11:15 a.m.-12:15 p.m. Session 1 - FDDI: How 
and When to Plan for It 
Chair: Larry Green - ACC 

Panelists: Joseph Garodnick - Fibronics 

Howard Salwen - Proteon 
12:15 p.m.-l:30 p.m. Lunch 
1:30 p.m.-3:00 p.m. Session 2 - Interconnecting I 
"The Knockout Packet Switch: Principle and Performance," 

M. F. Karol & M. G. Hluchyi, AT&T Bell Laboratories 
"Practical Considerations In Building Large Internetworks," 

E. Benhamou, V. Lefebvre, & V. Liu, Bndge Communications 
"Network Interface Design Guide," T. Czotta & D. Bither, 

Proteon, Inc. 

3:30 p.m.-5:00 p.m. Session 3 - 2nd Generation 
LAN Issues 

Chair: Harvey Freeman - Architecture Technology 
Panelists: Mike Coker - Vitalink 

Ed Cooper - Excelan 
Bill Franta - Network Systems 
Wayne Martson - TRW IND 
Russ Scherer - CMC 

5:30 p.m.-6:30 p.m. Cocktail Party 
6:30 p.m.-9:00 p.m. Banquet 
"The Future Impact of Networking as Seen Through the 
Conduit of History," Arthur L. Norberg, Director, The Charles 
Babbage Institute at the University of Minnesota 

Wednesday, October 7, 1987 
8:30 aan.-10:15 a.m. Session 4a - Interconnecting n 
"Interconnecting IEEE 802 LANs By a Wideband Backbone 
Network," Y. Onteru, NEC Corporation 
"Integrating Local Area Networks," S. T. Chanson & K. C. 

Chan, University of British Columbia 


fogy, L. Green, 


Local Area Network For Space Station Applications, j 
P. Gonia, D. Myers, & B. Thuraisingham, Honeywell 
"Optical Interconnects: Upcoming LAN Technofogy, L. 
Advanced Computer Communications 

10:45 a.m.-12:15 p.m. Session 5b - Network 
Management 


_i. Yokoyama, OKI Electric Industry 

Company 

"Expert Systems For Local Computer Network Software 
Debugging," J. A. Barchanski, Brock University 
"Distributed Print Management," B. Cummiskey, K. Lees 
& R. Strich, SSDS, Inc. 

12:15 p.m.-l:30 p.m. Lunch 

1:30 pan.-3:00 p.m. Session 6 - Case Studies 

"Packet Distribution Network," J. R. Rao, McDonnel Douglas 

Corporation 

"A Crossbar Computer Netwrok using Motorola EXORsets," 

B. W. Patz, T. C. Song & M. Towhidnejad, University of 
Central Florida 

"Communications between Local Area Networks and 
Mainframes In The Texas Department Of Human Services' 
Welnet Network," L. D. England, Texas Department of Human 
Services 

3:30 p.m.-5:00 p.m. Session 7 - How to Really 
Wire Your Building 

Chair: Stephane Johnson, Experdata, Inc. 

Panelists: John Ambler - Contel Business Networks 

John Andrychowicz - AT&T 
Doug Elness - Mn/DOT 
Jay Rao - McDonnel Douglas 
Ron Schmidt - SynOptics 


Sponsored by: 


IEEE Computer Society 
TC-Computer Communications 


THE INSTITUTE OF ELECTRICAL AND 
ELECTRONICS ENGINEERS, INC. 








PRE-REGISTER FOR THE 
12th Conference on 
Local Computer Networks 

Conference Site - The Ritz Hotel 
315 Nicollet Mall, Minneapolis, MN 55401 


Tutorials: 

"Open Systems Standards and Technology," 

Hal C. Folts, Omnicom, Inc. 

"Internetworking," Doug Jacobson & Jim Davis, 

Iowa State University 

Keynote Address: 

"Digital's Strategic Network Vision," Robert Murray, 

Division Manager, Network and Communications 
Marketing, Digital Equipment Corporation 

Banquet Address: 

"The Future Impact Of Networking as Seen Through 
the Conduit of History," Arthur L. Norberg, Director, 

The Charles Babbage Institute at the University of 
Minnesota 

Program Co-Chairs: 

Ron Rutledge/MS 271, Bldg 4500 N. Robert Linebarger 
Martin Marietta Energy Systems Computer Science Dept. 

Oakridge National Laboratories 242 TMCB 

P.O. Box X Brigham Young University 

Oakridge, TN 37831 Provo, UT 84602 

(615) 576-7643 (801) 378-2835 


General Chair: 

Stephane Johnson 
Experdata, Inc. 

10301 Toloda Ave. South 
Bloomington, MN 55437 
(612) 831-2122 

Registration Information 

Pre-registration must be received on or before 
Wednesday, September 30, 1987 - no exceptions: 
We are not responsible for your delays, mail 
delays, training department delays, etc. 
Registration fee for conference (Oct. 6-7) provides 
for conference proceedings, four refreshment 
breaks, two luncheons, and the banquet. Tutorial 
registration fee (Oct. 5) includes luncheon, tutorial 
notes, and two refreshment breaks. 

Make all checks payable to: 

Conference on Local Computer Networks 
Hotel - A block of rooms has been set aside at the 
Ritz Hotel, 315 Nicollet Mall, Minneapolis, MN 
55401; (612) 332-4000. Please Reference: 
Twelfth Conference on Local Computer Networks 




You are responsible for your own hotel reservations! 


Registration: 

Send registration and fee to: 
12th Conference on 
Local Computer Networks 
Harvey A. Freeman 
3931 Auburn Drive 
Minnetonka, MN 55343 


Students (include copy of '87 

Conference 

Tutorial 1 

Tutorial 2 

paid fee statement) 

$100_ 

$140_ 

$140_ 

IEEE Members 

$195_ 

$140_ 

$140_ 

Non-Members 

$245_ 

$175_ 

$175_ 


Payable in UJS. Dollars 


Organizatio 


Zip 


received after September 30 will be returned without exception! Registration after September 30 will be 
handled on-site at the on-site rate of $225 for the conference and $170 for the tutorials for IEEE members and $280 for the 
conference and $215 for the tutorials for non-members. Register early! 


, J 

















President’s MESSAGE 



T he Computer Society’s Educa¬ 
tional Activities Board has a 
broad program that emphasizes 
college curricula and accreditation. In 
this month’s column, Michael Mulder 
describes those activities. 

Roy Russo 
President 


The Educational Activities Board: an active group 


University classrooms and laborato¬ 
ries are a critical resource for the com¬ 
puter science and engineering profession. 
This realization has motivated a very 
large and effective volunteer effort by 
the Computer Society to provide curric¬ 
ular assistance to those that teach and 
conduct research at our universities. I 
am pleased to bring to you, our peers, a 
brief overview of the past and present 
activities of the Educational Activities 
Board. 

Prior to the mid-seventies, our soci¬ 
ety conducted few educational activi¬ 
ties. Computer science and engineering 
was rapidly becoming popular, and the 
computing profession was growing. 

Yet, surprisingly, the graduates of our 
colleges and universities were inade¬ 
quately prepared for industry or gradu¬ 
ate school. Potential students and 
professors were asking for guidance 
from the profession, as were companies 
that were being affected by the com¬ 
puter revolution. Most computer engi¬ 
neering graduates came out of the more 
mature electrical and electronic engi¬ 
neering programs, and the computer 
science programs remained highly 
science-oriented. It was clear that the 
profession needed to heed the requests 
for help. 

The Computer Society responded 
with a two-year effort resulting in a 
model curriculum in computer science 
and engineering. The model curriculum 
was completed in 1977. It was produced 
by over 200 working professionals who 
contributed over 10,000 person hours of 
effort. The curriculum was assessed and 
refined at a series of public hearings. 
Over 5000 copies of the resulting docu¬ 
ment were distributed worldwide. These 
guidelines became the standard for 
engineering oriented programs. A larger 
and even more complete set of program 
guidelines was completed late in 1983. 
These two efforts, supported and 
directed by our society, established our 
profession and assured that it would be 
guided by its own members. 


Today, the Computer Society is heav¬ 
ily involved in the accreditation 
processes for our profession. Thou¬ 
sands of volunteer hours go into on-site 
evaluation of computer science and 
engineering and computer science pro¬ 
grams across the country. We are repre¬ 
sented on the Accreditation Board for 
Engineering and Technology (ABET), 
the Computing Sciences Accreditation 
Board (CSAB), and the Computer 
Science Accreditation Commission 
(CSAC). Through these boards, the 
profession is guided by the profession 
itself. Currently, there are approxi¬ 
mately 40 ABET-accredited computer 
science and engineering programs and 
49 ABET-accredited computer 
science programs. 

An increasingly effective working 
relationship has evolved between the 
ACM and the Computer Society. The 
two organizations have engaged in a 
productive analysis of the similarities 
and differences between computer 
science and engineering and computer 
science. They have discovered that the 
two fields overlap in technical respects 
by as much as 90 percent, even though 
the instructional approaches for the two 
fields have traditionally been quite 
different. 

As a result of this insight, the ACM 
and the Computer Society have 
produced a new set of program guide¬ 
lines for computer science programs. 
The new guidelines call for computer 
science programs that are highly techni¬ 
cal yet distinct from computer engineer¬ 
ing programs. This cooperative effort 
has been very beneficial for the profes¬ 
sion and has already had a major 
impact in the classroom. The ACM and 
the Computer Society will continue to 
work together to investigate how these 
separate but overlapping program areas 
can benefit one another. 

Another cooperative effort between 
the ACM and the Computer Society 
should be mentioned. The Joint 
Laboratory Development Task Force 
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has identified 13 laboratory areas for 
study. The task force will produce a 
200- to 300-page instructor’s guideline 
for each area. The guideline will assist 
the instructor in constructing and oper¬ 
ating the laboratory. Emphasis will be 
on design and hands-on experience. 

These are some of the important 
activities of your society’s Educational 
Activities Board. Should you have 
ideas, opinions, or a desire to get 
involved, I am listing our major com¬ 
mittees, the chairs, and their phone 
numbers. 

In closing, let me announce an excit¬ 


ing event. This summer, a joint task 
force is being convened by the EAB to 
draft a five-year strategic plan for the 
profession’s educational goals and 
activities. The ACM, the NSF, a num¬ 
ber of industry representatives, and a 
number of experienced Computer Soci¬ 
ety members will be participating. We 
will report our plan at the Fall Joint 
Computer Conference EAB meeting in 
Dallas, Texas on Thursday, October 29, 
1987. Come and join us if you can. 

Michael C. Mulder 

First Vice President 



Michael C. Mulder 


Educational Activities Board committees and committee chairs 

Computer Sciences 

Industry/University Relations 

Association for Computing 

Accreditation Board (CSAB) 

David L. Soldan 

Machinery (ACM) Cooperation 

Willis K. King 

(316) 688-8086 

Michael C. Mulder 

(713) 749-4791 

Information Systems Program 

(503) 283-7433 

Accreditation Board for 

Gerald L. Engel 

Technology Transfer 

Engineering and Technology (ABET) 

(203) 322-3466 

Ronald G. Hoelzeman 

Murali Varanasi 


(412) 624-9676 

(813) 974-3033 

Two/Four Year Programs 


David M. Hata 

CS Program Guidelines 

Laboratory Development 

(503)244-6111 

Gerald L. Engel 

Keith Barker 


(203) 322-3466 

(203) 486-2566 

Policy/Practices 



Glen G. Langdon, Jr. 

Volunteer Development 

Curriculum Development 

(408) 429-2212 

Michael C. Mulder 

Michael C. Mulder 
(503) 283-7433 


(503) 283-7433 

Self-Assessment 

CS Program Development 


Doris K. Lidtke 

Michael C. Mulder 
(503) 283-7433 


(301) 321-2633 
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T he true innovators are those 
restless and original 
thinkers whose pioneering 
achievements put them in a class 
above the rest. 

The Unisys Fellow Program was 
developed to honor those men and 
women whose creative explorations 
and technical achievements have 
made outstanding contributions to 
this company and to the computer 
industry as 
a whole. 


This year’s Unisys Fellow is 
Richard J. Petschauer. As Director of 
Advanced Hardware Technology, 
Large Systems Group, and with 
22 years with Unisys, Richard 
Petschauer’s achievements are 
many and various. 

From his early work on magnetic 
memory development to his 
responsibilities for the design of thin 
film memories and high-capacity 
storage units, he has been an 
inexhaustible source of creative 


solutions to product application 
problems. Beyond specific product 
development, he has been 
instrumental in selecting the 
technologies that Unisys will use in 
future systems and products. 

Richard Petschauer has enjoyed 
a distinguished career in pursuit 
of advanced technology We honor 
him for the many exceptional 
contributions he has made. 

Unisys and Richard Petschauer. 
The power of 2 . 


In praise of 
uncommon 
achievement. 


Unisys Fellow, 1987, Richard J. Petschauer, 
Director of Advanced Hardware Technology, 
Large Systems Group. 


SYS 

The power of 2 
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A member society of the Institute of Electrical and Electronics Engineers, Inc. 


Executive Committee 

President: Roy L. Russo* 

IBM T.J. Watson Research Center 
PO Box 218, Route 134 
Yorktown Heights, NY 10598 
(914) 945-3085 

President-Elect: Edward A. Parrish, Jr* 

Vice Presidents 

Education: Michael C. Mulder (1st VP)* 
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Board of Governors 

Term Ending 1987 

Barry W. Boehm 
Paul L. Borrill 
Glen G. Langdon, Jr. 
Duncan H. Lawrie 
Susan L. Rosenbaum 
Bruce D. Shriver 
Harold S. Stone 
Wing N. Toy 
Helen M. Wood 
Akihiko Yam ad a 
Oscar N. Garcia* 


Term Ending 1988 

Mario R. Barbacci 
Victor R. Basili 
Lorraine M. Duvall 
Michael Evangelist 
Allen L. Hankinson 
Laurel Kaleda 
Ted Lewis 
Ming T. Liu 

Earl E. Swartzlander, Jr. 
Joseph E. Urban 


Next Board Meeting 

8:30 a.m.-5 p.m., October 30,1987, 
Loew’s Anatole Hotel, Dallas 
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Executive Director: T. Michael Elliott 
Editor and Publisher: True Seaborn 
Director, Computer Society Press: Chip G. Stockton 
Director, Conferences: William R. Habingreither 
Director, Finance and Administration: Mary EllenCurto 


Offices of the Computer Society 

Headquarters Office 

1730 Massachusetts Ave. NW 
Washington, DC 20036-1903 
General Information: (202) 371-0101 
Publications Orders: (800) 272-6657 
Telex: 7108250437 IEEE COMPSO 
Publications Office 
10662 Los Vaqueros Circle 
Los Alamitos, CA 90720 

Membership and General Information: (714) 821-8380 
European Office 
13, Avenue de I’Aquilon 
B-1200 Brussels, Belgium 
Phone: 32 (2) 770-21-98 
Telex: 25387 AVVALB 


Purpose 

The Computer Society strives to advance the theory and practice 
of computer science and engineering. It promotes the exchange of 
technical information among its 90,000 members around the world, 
and provides a wide range of services which are available to both 
members and nonmembers. 

Membership 

Members receive the highly acclaimed monthly magazine Com¬ 
puter, discounts on all society publications, discounts to attend 
conferences, and opportunities to serve in various capacities. Mem¬ 
bership is open to members, associate members, and student mem¬ 
bers of the IEEE, and to non-IEEE members who qualify as affiliate 
members of the Computer Society. 

Publications 

Periodicals. The society publishes six magazines ( Computer ; IEEE 
Computer Graphics and Applications, IEEE Design & Test of Com¬ 
puters, IEEE Expert, IEEE Micro, IEEE Software) and three research 
publications ( IEEE Transactions on Computers, IEEE Transactions 
on Pattern Analysis and Machine Intelligence, IEEE Transactions on 
Software Engineering). 

Conference Proceedings, Tutorial Texts, Standards Documents. 

The society publishes more than 100 new titles every year. 

Computer. Received by all society members, Computer is an 
authoritative, easy-to-read monthly magazine containing tutorial, 
survey, and in-depth technical articles across the breadth of the 
computer field. Departments contain general and Computer Society 
news, conference coverage and calendar, interviews, new product 
and book reviews, etc. 

All publications are available to members, nonmembers, libraries, 
and organizations. 

Activities 

Chapters. Over 100 regular and over 100 student chapters around 
the world provide the opportunity to interact with local colleagues, 
hear experts discuss technical issues, and serve the local profes¬ 
sional community. 

Technical Committees. Over 30 TCs provide the opportunity to 
interact with peers in technical specialty areas, receive newsletters, 
conduct conferences, tutorials, etc. 

Standards Working Groups. Draft standards are written by over 60 
SWGs in all areas of computer technology; after approval via vote, 
they become IEEE standards used throughout the industrial world. 

Conferences/Educational Activities. The society holds about 100 
conferences each year around the world and sponsors many educa¬ 
tional activities, including computing sciences accreditation. 

European Office 

This office processes Computer Society membership applications 
and handles publication orders. Payments are accepted by cheques 
in Belgian francs, British pounds sterling, German marks, Swiss 
francs, or US dollars, or by American Express, Eurocard, MasterCard, 
or Visa credit cards. 

Ombudsman 

Members experiencing problems — late magazines, membership 
status problems, no answer to complaints — may write to the 
ombudsman at the Publications Office. 

Information 

Use the Reader Service Card to obtain the following material: 

• Membership information and application (RS #202) 

• Publications catalog (proceedings, tutorials, standards) (RS #201) 

• Periodicals subscription application/information for individuals 
(members, sister-society members, others) (RS #200) 

• Periodicals subscription application/information for organizations 
(libraries, companies, etc.) (RS #199) 

• List of awards and award nomination forms (RS #198) 

• Technical committee list and membership application (RS #197) 

• Directory of officers, board members, committee chairs, represen¬ 
tatives, staff, chapters, standards working groups, etc. (RS #196) 
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Where can you find, from one 
source, the most complete, 
current, reliable information on 
computer technology today? 

The Computer Society 
of the IEEE. 



Join us 

and enjoy these benefits: 

• Automatic subscription to COMPUTER 
Magazine 

• Discounts on other Computer Society and IEEE 
periodicals 

• Discounts on Computer Society books 

• Local chapter involvement 

• Discounts on Computer Society conference 
registration 

• Technical committees and standards task forces 

• Electronic mail service at low member rates 


IEEE Transactions on Computers 

• theory, design, and practice of computer systems 

• circuits, systems, and networks • VLSI and digital devices ] 

• fault-tolerant computing • computational methods 

• testing and performance evaluation • computer applications 1 
(monthly) Member rate: $18/year 

IEEE Transactions on Software Engineering 
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Guest Editor’s Introduction 


CAD-Based 
Robot Vision 

Bir Bhanu 

Honeywell Systems & Research Center 


R ecently the world has seen 
increased activity and interest in 
robotics and factory automation. 
Computer-aided design (CAD), 
computer-aided manufacturing (CAM), 
computer vision, and robotics are consid¬ 
ered integral to the factories of the future. 
CAD/CAM had a $5.6 billion market in 
1986, which is expected to double by the 
year 1990. Sales of industrial robots in 
1986 were $0.5 billion and are expected to 
reach $5.8 billion by 1995. 

A summary of the Society of Manufac¬ 
turing Engineers’ Delphi forecast 1 about 
robots is given in the accompanying table. 
It is estimated that more than half of the 
increase in US productivity (defined as the 
output of the goods or services produced 
per unit of labor input) results from tech¬ 
nical changes, scientific advances, indus¬ 
trial improvements, and improved 
management and training of labor. 2 
Competition through increased productiv¬ 
ity, product quality, and new product 
innovation has topped many corporate 
agendas recently. 3 

Advances in both CAD and CAM tech¬ 
nologies have been a driving force in man¬ 
ufacturing engineering to provide higher 
quality products and reduce production 
cycles by increasing the efficiency and pro¬ 
ductivity of design and production. 
Future significant improvements in pro¬ 
ductivity call for robot systems that are 
dextrous, intelligent, and adaptable. 4 The 
key to realizing this step hinges upon how 
well we integrate CAD models into the 
development of intelligent robot systems 
for visual recognition, inspection, manip¬ 
ulation, and assembly. Like the integra¬ 


tion of design and manufacturing through 
CAD/CAM, we need to bridge the tech¬ 
nology gap between CAD and robot vision 
to achieve the integration of computers, 
sensors, and manipulators in the factories 
of the future. 


Model-based paradigm: 
Need for 3D object 
models 

Model-based recognition, program¬ 
ming, and control of manipulators is one 
of the key paradigms in computer vision 
and robotics. 5 ' 8 To recognize and manip¬ 
ulate objects, we need concern ourselves 
only with expected objects in the task envi¬ 
ronment of a robot. We use data from 


multiple sensors (such as television, range, 
force, torque, touch, etc.) and a priori 
knowledge (object models, strategies for 
sensing, recognition and manipulation, 
etc.) to equip the robot with intelligence so 
that it can sense, plan, and manipulate 
objects in its environment. 

As shown in the accompanying figure, 
the basic computational model for object 
recognition and manipulation is strongly 
goal-directed. We would like the capabil¬ 
ity to acquire a variety of 3D object models 
automatically with all the desired informa¬ 
tion for recognition and manipulation. 
CAD has provided new opportunities and 
challenges for the use of models of 3D 
objects. Using the available 3D models of 
objects, we can plan recognition and 
manipulation strategies during the off-line 
phase and do efficient real-time recogni- 


A summary of the SME Delphi forecast. 


Forecasted Robot Characteristics 
by 1990 

<7oof Robots sold in 1990 Having the 
Forecasted Characteristics 

1 

Robots made of modular, 
standard components 

63 

2 

Use of general-purpose hand 

20 

3 

Self-propelled robots 

15 

4 

Repeatability less than or equal 
to 0.001 inch 

93 

5 

Use of integral sensors 

60 

6 

Use of pattern recognition and 
feedback 

22 

7 

Use of vision capability 

25 

8 

Robots that will be programmed 
on-line 

20 
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tion and manipulation during the runtime 
phase. 



A simplified block diagram illustrating the components of a model-based recogni¬ 
tion and manipulation system. 


Glossary 

Representation: A formal scheme for 
describing a class of objects. Con¬ 
sists of rules that specify how the 
scheme applies to any particular 
object. 

Description: The result of applying a 
representation to describe some par¬ 
ticular object. 

Model: A description of an object, in 
a suitable data structure, in terms of 
its parts and the relationship 
between parts. In general, a combina¬ 
tion of algorithms, structure, and 
data. 

Manipulator: The mechanical arm 
mechanism, which consists of a 
series of links and joints. Capable of 
grasping and moving objects through 
space. 

Off-line phase: Consists of model 
building and generation of strategies 


for recognition and manipulation to 
be used during on-line phase. Also 
called training or planning phase. 
On-line phase: Consists of acquisi¬ 
tion of sensed data, data analysis, 
and extraction of features to be used 
for model matching in real time. Also 
called testing or runtime phase. 
Off-line programming: A means of 
programming a manipulator in simu¬ 
lation by developing a set of instruc¬ 
tions on an independent computer 
system and then using the software 
to control the manipulator at a later 
time. 

On-line programming: A means of 
programming a manipulator on a 
computer that directly controls the 
manipulator. Programming is per¬ 
formed in real time. 


Modeling in CAD and 
robot vision 

Geometry plays a central role in all 
design and production activities and in the 
design of intelligent robot systems. The 
representation and analysis of 3D objects 
has been a common concern in both CAD 
and robot vision. Although many of the 
techniques are shared between these dis¬ 
ciplines, the requirements of each model¬ 
ing task tend to be quite different. The 
main goal of CAD systems is to design new 
shapes suitable for automatically manu¬ 
facturing objects to the desired specifica¬ 
tions in a cost-effective manner. CAD 
systems typically emphasize capabilities 
such as interactive design interface, set 
operations, graphic display and rendering 
utilities, and model analysis tools such as 
finite element analysis and automatic man¬ 
ufacturing interfaces. They assist in the 
creation, modification, analysis and 
optimization of a design. Computer 
graphics used in CAD is mainly concerned 
with the realistic display of objects from 
arbitrary viewpoints and under a variety of 
lighting conditions. 

In contrast to CAD systems, robot 
vision systems are used to analyze objects 
already in existence for recognition and 
manipulation. Vision models include 
information that facilitates the efficient 
and automatic analysis of the sensed data. 

As a result of the different modeling 
requirements for CAD and vision systems, 
currently most systems supporting CAD 
do not provide vision capabilities. Simi¬ 
larly, vision systems incorporate no 
explicit relation to CAD models. Today, 
different modeling schemes are used in 
CAD and robot vision. Current links 
between CAD and vision are very weak. 
We need an object model database for 
design, recognition, and manipulation 
purposes, or alternatively a set of robust 
and efficient transformations between 
different representations used in CAD and 
robot vision. At present only very simple 
models are available for these tasks. 


3D models in 
CAD/CAM 

CAD allows the modeling of a complete 
3D object and its component parts. It pro¬ 
vides view-independent descriptions and 


COMPUTER 







































manipulation capability to determine what 
the object will look like from all different 
points of view. We can use a CAD data¬ 
base to determine how features and rela¬ 
tions change with viewpoint. 

Constructive solid geometry (CSG) and 
boundary representations are the most 
important representations used in CAD. 
In CSG, the basic idea is that complicated 
solids can be represented as various 
ordered “additions” and “subtractions” 
of simpler solids by means of modified 
versions of Boolean set operators: union, 
difference, and intersection. For inherent 
boundary representations, we can use a 
number of different approaches, including 
Coons surface patches, bicubic surface 
patches, Bezier methods, and B-splines. 
See Requicha and Voelcker 9,10 for a 
historical summary of approaches to 3D 
object representation used in solid model¬ 
ing and the origin and status of selected 
geometric modeling systems. 

The greatest drawback of using CSG in 
robot vision applications is that the surface 
evaluation is always required because we 
can only see the object’s surface. 


3D models in 
robot vision 

In the past, a number of techniques have 
been used for the representation and 
modeling of 3D objects for robot vision 
applications. 

In one approach, several images of a 
part are obtained and hand measurements 
on the images are used to extract features 
to build the model. This approach for 
“model building by showing” is a cumber¬ 
some and crude process. 

A straightforward approach to building 
3D models automatically involves combin¬ 
ing object points (obtained using a laser 
ranging system) from a sequence of range 
images corresponding to various views of 
the object and then applying the necessary 
transformations to obtain the surface 
points of the complete object." Symbolic 
descriptions can be obtained from these 
points. This approach has calibration 
problems and in general it may not be pos¬ 
sible to get all the surface points with 
respect to the desired object-centered coor¬ 
dinate system. Using a boundary-based 
CAD system may, on the other hand, 
make it easy to describe an object by its 
surface points. 

Another approach for automatic gener¬ 
ation of a 3D model that combines the 


information from several views uses a sur¬ 
face patch, such as the bicubic parametric 
patch, as the primitive surface element. 12 
It applies a heuristic search algorithm to 
register partially overlapping surface seg¬ 
ments into a common coordinate space, 
and then merges the overlapping sections. 
The match and merge process is iteratively 
repeated for all the 3D surface segments 
until a complete model of the object in a 
single 3D space is created. Again, this 
approach is cumbersome and will not yield 
the features useful in recognition and 
manipulation. 

Wireframe models, whose components 
correspond to imaged edges, have been 
commonly used in the blocks world of 
machine vision. The visual domain of the 
blocks world consists of polyhedral 
objects. To handle more complex objects, 
we need to consider surface and volume 
models. In CAD, schemes such as the 
wireframe representation are not popular 
because a given description can cor¬ 
respond to more than one object. 

Given a CAD model, we can generate a 
corresponding set of vision models with 
some control structures. Once these 
models are available, they provide the 
basis for 3D scene analysis. An early exam¬ 
ple of such an interactive system is the 
Acronym system 13 designed for applica¬ 
tions in computer vision and manipula¬ 
tion. The world is described to Acronym 
as volume elements and their spatial rela¬ 
tionships, and as classes of objects and 
their subclass relationships. Acronym uses 
a combination of CSG and general sweep 
representations of rigid solids. The 
representations are CSG-like trees whose 
leaves are generalized cylinders. (These 
representations are presented in the first 
article of this issue.) Acronym allows var¬ 
iations in size, limited variation in struc¬ 
ture, and variation in structural 
relationships of the modeled objects. In 
Acronym, however, it may be difficult to 
design algorithms for computing proper¬ 
ties of objects (such as a centroid). 

In summary, most existing robot vision 
systems rely on models generated in an ad 
hoc manner for recognition or manipula¬ 
tion purposes. We have lacked systematic 
approaches for building models for a large 
class of objects used in industrial environ¬ 
ments. The models and recognition tech¬ 
niques have limited scope because they 
cannot be easily applied to other objects or 
even objects of similar types with minor 
variations in their descriptions. Moreover, 
current vision systems use only one repre¬ 
sentation in their models. There is no sin¬ 


gle representation, or a matching 
technique based on a single representation, 
that can efficiently and reliably represent 
and recognize different classes of objects. 

CAD models in 
robot programming 

Programming a robot often involves 
problems related to the movement of an 
articulated structure in a work space in 
which obstacles are present, with the 
objective to accomplish a given task. 
Motion description requires representing 
surfaces and volumes. For task-level pro¬ 
gramming, we need geometric descriptions 
of all objects and robots in the task envi¬ 
ronment. With off-line programming, we 
can use a CAD database description of a 
part to plan the motions of the robot in 
simulation. This minimizes the involve¬ 
ment of the robot itself in its reprogram¬ 
ming, thus avoiding the interruption of an 
automated process in which the robot is 
integrated. 

Part localization methods have an 
important application in connection with 
model-based off-line programming of 
robots. Much work remains to accomplish 
CAD-based off-line programming of a 
manipulator with real data from sensors. 

From CAD models to 
models for robot vision 

As discussed earlier, CAD has been con¬ 
cerned with restricted uses of geometric 
information. CAD descriptions are analo¬ 
gous to conventional data structures. In 
robot vision we need a much richer 
description of the geometry; for example, 
symmetry information about the shape of 
an object can be very useful. 

The large diversity of CAD systems, 
based on very different primitive concepts, 
makes approaching the automatic model 
transfer from CAD to robot vision a dif¬ 
ficult problem. Although CAD provides a 
suitable environment for design purposes 
and CAD databases are a natural source 
for geometric models needed in robot 
vision, the description of objects in a data¬ 
base may not suit robot vision. The desired 
object features may not be explicitly rep¬ 
resented, such as a point in the middle of 
a parametrically defined surface. 

We need complete object models as a 
source of data for sensor interfaces and 
trajectory planning. Existing partial 
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models are inadequate for most sensing 
tasks. They are also limited as a source of 
path constraints. Surface and volume 
models, together with appropriate com¬ 
putational tools, will provide more natu¬ 
ral and concise robot programs. 8 

CAD-derived geometric models for 
robot vision need augmentation by imag¬ 
ing and illumination models to model the 
appearance of objects. Stable state infor¬ 
mation, surface properties of the objects 
(color, reflection, texture, etc.), and other 
properties such as object functionality use¬ 
ful in recognition and manipulation of the 
object may also be combined with the geo¬ 
metrical model. Positions specific to the 
robot task should be specified, such as the 
grasp position, for example, so that the 
grasp planner knows where to grasp 
objects to avoid collisions when grasping 
or moving objects. Also, we need multiple 
representations to handle different classes 
of objects, plus techniques for the auto¬ 
matic selection of matching techniques 
suited to a representation. Simulation and 
various graphic techniques aid in this 
work. 


CAD-based robot vision 

The transfer of sufficient information 
directly from a CAD system to the robot 
vision system in order to enable the robot 
to recognize and manipulate objects 
requires a unified system . 14 A unified sys¬ 
tem will bridge the technology gap between 
CAD and robot vision and will overcome 
the deficiencies of current methods. It will 
eventually make a substantial, tangible 
contribution to the realization of factory 
automation. This unified CAD, vision, 
and manipulation system will provide 

(1) automatic generation of vision 
models of arbitrarily shaped, real 3D 
objects from a CAD database, and 

(2) automatic generation of appropriate 
recognition and manipulation strategies 
from the CAD database. 

Some of the important advantages of 
CAD-based robot vision are enhanced 
productivity, capability to handle a wider 
class of objects, facility for multiple 
representations, parametric models with 
tolerances for robust recognition, auto¬ 
matic generation of vision models, and 
automatic generation of recognition and 
manipulation strategies with CAD data¬ 
base modifications. 

In the future, robot vision systems will 
require a significant amount of integration 


with existing CAD systems. More concen¬ 
trated effort is needed to obtain new 
representations, representation conversion 
algorithms, planning with a variety of 
objects and automatic feature selection for 
recognition, increased use of surface- 
based models, and interaction of surface- 
based and volume-based models for flex¬ 
ible automation in the factories of the 
future. Research in the field of CAD-based 
robot vision has just started. We have to 
go a long way to realize its full potential. 

T his special issue of Computer con¬ 
tains six articles describing 
advanced new applications of 
CAD to the problems of robot vision. The 
first two articles deal with the issue of 3D 
object representations in robot vision. 
Also included is information about three 
state-of-the-art 3D range sensors based on 
a newly developed and matured concept of 
phase-shift measurement. The next two 
articles deal with prediction and planning 
strategies for the recognition of nonoc- 
cluded and occluded 3D objects. Finally, 
the last two articles deal with the issues 
involved in making CAD-based off-line 
programming of robots more effective. □ 
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CAD-Based 3D 
Object Representation 
ifor Robot Vision 



Bir Bhanu* and Chih-Cheng Ho 
University of Utah 


Computer vision 
researchers lack a 
systematic approach 
for building object 
models for industrial 
environments. We 
propose a CAD-based 
approach for building 
representations and 
models for applications 
involving 3D object 
recognition and 
manipulation. 


I n the automated manufacturing sys¬ 
tem shown in Figure 1 are three key 
components: the CAD/CAM 
(computer-aided design/computer-aided 
manufacturing) system, the vision system, 
and the intelligent robot system. The 
CAD/CAM system supports the design, 
analysis, and manufacturing of each part 
of a product. The vision system integrates 
information from sensors such as TV 
cameras, laser range finders, tactile and 
ultrasonic sensors. It provides the robot 
with information about the working envi¬ 
ronment and the location, identity, and 
quality of the designed parts. The intelli¬ 
gent robot aligns the inspected parts and 
performs assembly operations using tactile 
and force-torque sensors. 

Most existing vision systems rely on 
models generated in an ad hoc manner and 
have no explicit relation to the 
CAD/CAM system originally used to 
design and manufacture these objects. We 
desire a more unified system that allows 
vision models to be automatically gener¬ 
ated from an existing CAD database. A 
CAD system contains an interactive design 
interface, graphic display utilities, model 


*Rhanu is now at Honeywell Systems & Research 


analysis tools, automatic manufacturing 
interfaces, etc. Although it is a suitable 
environment for design purposes, its 
representations and the models it generates 
do not contain all the features that are 
important in robot vision applications. 

Current vision systems use only one rep¬ 
resentation in their models. However, 
there is no single representation or a 
matching technique based on a single rep¬ 
resentation that can efficiently and relia¬ 
bly recognize different classes of objects. 
A systematic approach for building vision 
models employing multiple representa¬ 
tions is to derive them from a CAD data¬ 
base and incorporate features crucial for 
object recognition and manipulation. 1 

In this article, we propose a CAD-based 
approach for building representations and 
models that can be used in diverse appli¬ 
cations involving 3D object recognition 
and manipulation. There are two main 
steps in using this approach. First, we 
design the object’s geometry using a CAD 
system, or extract its CAD model from the 
existing database if it has already been 
modeled. Second, we develop representa¬ 
tions from the CAD model and construct 
features possibly by combining multiple 
representations that are crucial in 3D 
object recognition and manipulation. 

In this work we used the Alpha_l solid 
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Figure 1. An automated manufacturing system. 


modeling system 2 developed at the Uni¬ 
versity of Utah. It utilizes spline-based 
boundary representation. We present the 
following six CAD-based representations: 

(1) surface points and normals, 

(2) surface curvatures, 

(3) generalized sweep, 

(4) polyhedral, 

(5) extended Gaussian image, and 

(6) object decomposition and hierar¬ 
chical representation. 

The construction of vision models that 
organize and use these representations 
efficiently requires consideration of both 
image feature-extraction algorithms and 
feature-matching techniques. We do not 
include them here. These details can be 
found in a recent survey on model-based 
robot vision by Chin and Dyer. 3 

3D object 
representations 

A representation for shape as defined by 
Marr 4 “is a formal scheme for describing 


shape or some aspects of shape together 
with rules that specify how the scheme is 
applied to any particular shape,” and “the 
results of using a representation to describe 
a given shape is called a description of the 
shape in that representation. ’ ’ It is always 
possible to describe a given shape using 
different representations. The choice of a 
representation to obtain an efficient 
description depends not only on the kind 
of object to be described, but also on how 
the description is to be used. 

Three general classes of 3D solid object 
representations used in computer 
graphics, CAD, and computer vision are 

(1) volume, 

(2) sweep, and 

(3) surface or boundary. 

Besides these, other 3D object representa¬ 
tions are used in computer vision. A use¬ 
ful representation is the extended Gaussian 
image (EGI), in which each face of an 
object is mapped onto a unit sphere, called 
the Gaussian sphere, according to its 
orientation and area. Here we do not con¬ 
sider ambiguous CAD schemes, such as 


the wireframe representation, which can 
be perceived as more than one object from 
a given description. 5 


Volume representation. An intuitive 
way to represent a solid object is to 
describe the space occupied by that object. 
Instead of enumerating a huge number of 
spatial points, we can use a combination 
of primitives, possibly with different 
shapes and sizes. Each of the primitives is 
then described by its geometrical 
parameters. Increasing generality of 
primitives and their combinations lead to 
different schemes: 

(1) pure primitive instancing, 

(2) spatial occupancy enumeration, 

(3) cell decompositions, and 

(4) constructive solid geometry (CSG). 
CSG is a super-set of the other three vol¬ 
ume representations. It is commonly used 
in CAD geometric modeling systems. 

CSG represents an object as a binary 
tree (see Figure 2) where each leaf 
represents an instance of a primitive and 
each node represents an operation of its 
descendent(s). 

Primitives such as blocks, spheres, 
cylinders, and cones are first transformed 
(translation, rotation, and scaling) and 
then combined (union, intersection, or 
difference) from the bottom to the top of 
the tree. Regularized set operators 5 help 
ensure the regularity and the validity of the 
combined object so that there are no dan¬ 
gling edges or faces. 

CSG representation is sufficient to cover 
most conventional, unsculptured objects. 
However, it cannot describe a large class 
of sculptured, freeform shapes precisely, 
even using a fairly large number of primi¬ 
tives. For unsculptured objects that con¬ 
tain primitives as their subparts, CSG can 
give concise descriptions. Similar objects 
may have the same subtrees, and different 
configurations of primitives may yield 
different objects. This representation is 
unambiguous but not unique, i.e. it can 
have different decompositions of an object 
using the same set of primitives. 

The greatest drawback of using CSG in 
robot vision applications is that surface 
evaluation is always required because we 
can only see the object’s surface. The sur¬ 
face evaluation is computationally inten¬ 
sive. Moreover, since the primitives are not 
equal to the subparts of an object in 
general, we may not be able to perceive or 
derive any of the primitives from the 
object’s surface. It makes the reconstruc¬ 
tion of the CSG tree from a given scene 
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Figure 2. An example of constructive solid geometry (CSG) representation. 


and the use of its topological information 
almost impossible. 

Sweep representation. A generalized 
sweep, or generalized cylinder (GC) or 
cone, is defined as the volume swept by a 
set of cross sections along an axis under 
some sweeping rule. It was first introduced 
by Binford 6 in computer vision for the 
recognition of 3D curved objects. Accord¬ 
ing to the formal definition of GC given by 
Shafer, 7 a GC consists of four parts: 

(1) There is a space curve, called the axis 
of the shape. 

(2) At each point on the axis, at some 
fixed angle to the tangent to the axis, there 
is a cross-section plane. 

(3) On each such cross-section plane, 
there is a planar curve which constitutes 
the cross-section of the object on that 
plane. 

(4) There is a transformation rule that 
specifies the transformation of the cross- 
section as the cross-section plane is swept 
along the axis. This rule always imposes (at 
least) the constraint that the cross-section 
changes smoothly. 

The surface of the object is the union of 
these cross sections and the volume swept 
by the closed cross-sectional curves is the 
GC. With different restrictions on the axis 
and the cross sections together with their 
intersections and the manner in which 
cross sections blend, there is an exhaustive 
taxonomy of different classes of GCs. 

Sweep representation is well suited for 
many manmade objects that have an axis 
of symmetry. It is very concise. Similar 
objects have similar axes and cross sec¬ 
tions. A small difference between similar 
objects will be reflected by a small differ¬ 
ence in the axes or cross sections. 

Sweep representation is not unique in 
general. Although it is unambiguous under 
a given blending rule, there is no efficient 
way to describe the shapes at both ends for 
an arbitrary GC. We cannot precisely esti¬ 
mate the axis and cross sections without 
seeing the whole surface. However, we can 
use the axis alone in object recognition. By 
using hierarchical grouping of GCs, it is 
possible to describe more complex shapes. 
But to get a unique and reasonable decom¬ 
position of an object is a difficult problem. 

GCs have been used only to a very 
limited extent in CAD. 

Boundary representation. To represent 
an object by its enclosing surface or 
boundary is the most commonly used 
scheme in both computer graphics and 


computer vision. A solid is represented by 
segmenting its boundary into a finite num¬ 
ber of bounded subsets, usually called 
faces or patches. 

If we use planar patches only, each face 
is represented by its edges and vertices, 
resulting in polyhedral or polyhedron- 
approximated objects. In order to describe 
curved surfaces efficiently, splines are used 
in many CAD systems. However, some 
geometrical computations are expensive in 
spline representation. For example, find¬ 
ing the intersection points of a line and a 
surface or the intersection curves between 
two surfaces is not easy in general. Polyg¬ 
onal approximations are still used in most 
applications. 

Boundary representations (B-rep) can 
be derived from 3D range data directly. In 


fact, the data itself is a description of the 
object’s shape in the form of surface 
points. (For an example of the advanced 
3D range sensing technology available 
today, see the accompanying sidebar.) B- 
rep is unambiguous but the validity is not 
guaranteed and it is also not unique. 
Different tessellations of the surface and 
different polygonal approximations of 
each patch can still give the same object. 
Spline-embedded surface representation 
gives a concise and optimal approximation 
of the true shape. 8 However, finding 
high-level features is not easy and there are 
no spline forms for some computations, 
such as surface curvatures. 

Extended Gaussian image. Extended 
Gaussian image 9 (EGI) is a mapping from 
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Figure 3. An illustration for the relationship between Gaussian curvature and 
extended Gaussian image (EGI). 


surface normals onto a unit sphere, called 
the Gaussian sphere, with the surface area 
as its weight. An alternative definition for 
a continuous case is a mapping which 
associates the inverse of the Gaussian cur¬ 
vature at a point on the surface of the 
object with the corresponding point on the 
Gaussian sphere. In discrete cases such as 
polyhedra, EGI can also be obtained by 
placing a weight at each point equal to the 
sum of the surface area of the faces in the 
corresponding orientation. It can be com¬ 
puted easily and is used to find the object’s 
orientation. 

The inverse relationship between EGI 
and Gaussian curvature can be understood 
using the concept of Gaussian curvature, 
as the spread of surface normals, that is 
equal to the area on the Gaussian sphere 
mapped from a unit area on the object’s 
surface. Conversely, EGI is the total area 
on the object’s surface mapped onto a unit 
area on the Gaussian surface. 

A simple example is the EGI and Gaus¬ 
sian curvature on spheres of different 
radii. Shown in Figure 3 are three concen¬ 
tric spherical triangles with radii of 0.5,1, 
and 2. The ratio of the areas of these tri¬ 
angles is 0.25 : 1 : 4. Since all the triangles 


map onto the same region of the Gaussian 
sphere, the EGI ratio is exactly the same as 
the area ratio. However, the patch on the 
smaller sphere has a larger Gaussian cur¬ 
vature. It is not hard to figure out that for 
a sphere of radius r, the Gaussian curva¬ 
ture is l/r 2 and the EGI is r 2 . A full 
mathematical proof of the inverse rela¬ 
tionship is given by Horn. 9 

EGI is used in the analysis, but not the 
synthesis, of surface shapes. It has the fol¬ 
lowing properties: 

(1) The center of mass of the extended 
Gaussian image is at the origin of the 
Gaussian sphere. 

(2) The total mass of the EGI equals the 
total surface area of the object. 

(3) It is unique for any convex object. 

(4) For a convex object, the weight of 
each point of the EGI is equal to the 
inverse of the Gaussian curvature at the 
corresponding point on the original 
surface. 

(5) EGI does not depend on the position 
of the object. It allows us to determine the 
object’s orientation before knowing its 
position. Since it represents objects 
explicitly by their orientation, the degree 
of freedom is reduced, from 6 (position 


plus orientation) to 3 (orientation only). 

(6) The rotation of the object does not 
affect the relative weight distribution of its 
EGI. 

For concave objects, different faces 
may have the same orientation and are 
mapped onto the same cell on the Gaussian 
sphere. Therefore, EGI representation is 
not unique. Ikeuchi 10 used a global 
approach for concave objects. Instead of 
mapping the whole object onto one EGI, 
he selected 60 different viewer directions 
and mapped the visible surfaces from each 
of these views onto an EGI. This is not 
only inefficient in storage (60 EGIs for one 
object), but also it cannot deal with 
occluded objects. In general, a local 
approach in which we decompose the 
boundary into patches and use one EGI 
for each patch seems better. However, 
subdividing the object to get a unique EGI 
for each part is a difficult problem. 

Evaluation of 3D object representations 
for recognition requirements. The prob¬ 
lem of 3D object recognition can be 
defined as follows 11 : 

Given 

(a) digitized sensory data corresponding 
to one particular, but arbitrary, view of 
the real world (may be in a certain, 
known environment) and 

(b) knowledge, or models of a set of dis¬ 
tinguishable objects. 

Then find the following for each object in 
the set: 

(1) Does the object appear in the digi¬ 
tized sensory data? If so, how many times 
does the object occur? 

(2) For each occurrence of the object 
determine its location and orientation with 
respect to a known coordinate system. 

Marr 4 has given a set of criteria for the 
representation of a shape, used in object 
recognition: 

Scope : What kind of objects can it rep¬ 
resent? 

Accessibility. Can it be obtained inex¬ 
pensively from the image? 

Conciseness: Can it describe objects 
efficiently? 

Uniqueness: Can a unique description 
of an object be obtained under different 
conditions? 

Stability : Can it reflect the similarity 
between different objects? 

Sensitivity: Can it reflect the differences 
between similar objects? 

A summary of the 3D object represen¬ 
tations using Marr’s criteria is given in 
Table 1. 
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3D range sensor-phase shift detection 

Robert E. Sampson 

Environmental Research Institute of Michigan 


Three-dimensional imaging sen¬ 
sors and their informational content 
have been under investigation for 
many years, with two main sensor 
techniques, triangulation and time of 
flight, recognized as the fundamental 
technical approaches to the problem. 
The triangulation method can be 
implemented in a variety of ways, 
including stereographic, structured 
light, etc., all of which present a num¬ 
ber of complex problems that need to 
be overcome. A preferred concept 
that greatly simplifies and enhances 
range imaging uses a modulated 
laser diode to optically directly mea¬ 
sure the range to each point in the 
scene. In original envisioned forms 
of such a system, a pulsed laser is 
directed at the scene and the time 
until a returned pulse is received is 
determined, which is proportional to 
the range to the object. 

In a practical adaptation of this 
concept recently developed at the 


Environmental Research Institute of 
Michigan (ERIM) shown schemati¬ 
cally in Figure 1, the difference in 
phase between the transmitted and 
received signals is determined rather 
than the time of flight. The major 
components of the sensor in Figure 1 
include the laser diode and modula¬ 
tion source, a scanning mechanism 
(either polygon or nodding mirror), a 
photo detector, and the phase shift 
detection electronics. The difference 
in phase between the transmitted 
and received signals is determined 
and the phase shift is directly related 
to range. This sensor yields both a 
normal reflectance image and an 
image in which each pixel value is 
directly proportional to the distance 
to the pixel area. 

This method of obtaining 3D 
images, often referred to as optical 
radar, has a wide variety of applica¬ 
tions, including navigation, robot gui¬ 
dance, and inspection. Although 


these tasks may seem similar at first 
glance, the requirements differ 
greatly. 

At ERIM, the phase-detection 
method of 3D imaging has been 
employed in the development of a 
family of sensors. One of these sen¬ 
sors was developed for autonomous 
vehicle navigation. This navigation 
sensor has a field of view (FOV) of 
plus or minus 40 degrees in the 
horizontal plane and covers a vertical 
FOV at depression angles of 15 to 45 
degrees. It has a range resolution of 
8 centimeters. 

Another, more advanced, naviga¬ 
tion sensor uses multiple lasers that 
operate at various frequencies in the 
visible, near infrared, and shortwave 
infrared wavelengths. These multiple 
wavelengths allow not only determi¬ 
nation of the range to the terrain, but 
also the reflectance values of the 
materials in the scene. This sensor 
has a FOV of 60 x 80 degrees and a 




Reflectance 


Range 



Digitized Range 



Figure 1. 3D laser scanner 
simplified block diagram. 
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Model building using 
the Alpha_l CAD 
system 


range resolution of 2 centimeters. 

A third sensor developed by ERIM 
has been employed to perform bin 
picking and other robot guidance 
tasks. This sensor has an adjustable 
FOV ranging from 1.6 x 1.6 degrees 
to 35 x 35 degrees and can operate 
over distances from 15 centimeters 
to over 90 centimeters. In the robot 
guidance mode the sensor has a 
resolution of 0.08 centimeters. It can 
also operate in an inspection mode, 
where it has a resolution of 0.003 
centimeters. This sensor consists of 
three modules: the optics head, 
power supply, and electronic mod¬ 
ules. The optics head can be moni¬ 
tored on a robot arm and connected 
via remote cables to the rack¬ 
mounted electronics and power 
supply. 

This sensor can provide range data 
at 100,000 measurements per second 
taken in a programmable scan pat¬ 
tern (any image size from one pixel to 
1000 x 1000 pixels can be pro- 



fa) 


Figure 2. Visible image of a tele¬ 
phone (a), approximately 30 x 30 
centimeters taken with a normal pho¬ 
tographic camera. Range image of a 
telephone (b), 300 pixels by 300 
pixels by 8 bits-25 x 25 x 20 cen¬ 
timeters deep—taken in 10 seconds 
with the range sensor. Perspective 
view from the range image (c), with 
the range image of (b) rotated by 
cytocomputerto give a different per¬ 
spective of the scene; processing 
time, 0.4 seconds. 


grammed). Image collection takes 
less than a second to over 10 
seconds, depending upon image 
size. While image acquisition is 
slower than normal visible cameras, 
for range imagery the system is 
faster overall because we need not 
perform complex computational 
analysis to determine range—it is a 
direct output from the sensor. 

Figure 2 includes an example of 
range imaging from the robot gui¬ 
dance sensor. Figure 2a is a normal 
visible image of a telephone. Figure 
2b is a range image from the same 
view. In Figure 2b, the value of each 
pixel is directly proportional to range 
(light tone is closer, dark tone further 
away) rather than a measure of the 
intensity of reflections as in Figure 
2a. In Figure 2c, the telephone image 
is processed into a perspective view 
using an ERIM-developed “cytocom- 
puter” that provides high-speed 
range-image processing capability 
for the sensor. 




We use the CAD system Alpha_l, an 
advanced experimental solid modeling 
system 2 developed at the University of 
Utah. Alpha_l models the geometry of 
solid objects by representing their bound¬ 
aries as discrete B-splines. B-splines are an 
ideal design tool, simple yet powerful. 
Many common shapes can be represented 
exactly using rational B-splines. For exam¬ 
ple, all of the common primitive shapes 
(spheres, cylinders, ellipsoids, etc.) used in 
CSG systems fall into this category. Other 
advantages include good computational 
and representational properties of the 
spline approximation: the variation 
diminishing property, the convex hull 
property, and the local interpolation 
property. 

The single underlying mathematical for¬ 
mulation of Alpha_l simplifies implemen¬ 
tation, but it is sufficiently powerful to 
represent a very broad class of shapes. It 
is able to create images of the designed 
objects, to perform certain analysis func¬ 
tions on them, and to produce information 
for numerically controlled machining. It 
uses the Oslo algorithm, 12 for computing 
discrete B-splines. Subdivision, effected by 
the Oslo algorithm, supports various capa¬ 
bilities including the computation 
associated with Boolean operations, such 
as the intersection of two arbitrary 
surfaces. 

At present, tolerancing information is 
not included in object specification in the 
Alpha-1 system. Once it is available, we 
can make models in terms of classes of 
objects (rather than a single object) that 
are functionally equivalent and inter¬ 
changeable in assembly operations. 
Alpha_l has powerful shape description 
facilities and it supports several modeling 
paradigms. These include direct manipu¬ 
lation of the B-spline surfaces, creation 
and combination of primitive shapes using 
set operations, and high-level shape oper¬ 
ators such as ruled surface, loft, bend, 
stretch, twist, warp, and sweep. The steps 
in building a CAD model using Alpha_l 
follow: 

(1) Analysis of the object. Usually a 
complex object is decomposed into simpler 
parts that can be designed more easily. 
Each of the subparts is called a shell and 
need not be closed. 

(2) Design of parts and measurement of 
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parameters. Geometric operators are used 
to design each subpart. Sometimes one 
shape can be designed using different 
paradigms, which may require a different 
set of parameters. For example, an arc can 
be specified by its center point and two end 
points. It can also be specified by two tan¬ 
gent lines and its radius. We want to use 
those parameters that can be measured 
easily and precisely. 

(3) Validation of designs. When design¬ 
ing the surface patches of each part, ensure 
that they have the correct orientation and 
that the adjacency information between 
patches is correct. Otherwise an invalid 
object may have been created and the com¬ 
biner (used in the next step) will be unable 
to manipulate it. At present, the designer 
makes explicit the correctness of orienta¬ 
tion and adjacency. We want the system to 
be able to generate such information auto¬ 
matically. 

(4) Application of the combiner. The 
last step is to put all the parts of the object 
in the correct positions and orientations by 
performing appropriate transformations, 
then use the combiner to perform the 
required set operations on them. This 
results in the design of the complete object. 

Two examples demonstrate some of the 
modeling paradigms of the Alpha_l 
system. 

Example 1: green piece. To design sim¬ 
ple objects such as the “green piece” in 
Figure 4a, which has many local features, 
we build the complete object in a stepwise 
manner. First, we design the plate and all 
the holes, then the dent part and the 
scratches shown in Figure 4b. To design 
these parts, we first design curves using B- 
splines, then use various high-level oper¬ 
ators for surface construction, such as 
revolving a curve about an axis, extruding 
a curve in some direction, and filling the 
surface between two curves. 

There are seven holes with threads in the 
green piece. We design each of these by fill¬ 
ing two surfaces between two twisted 
curves. Figure 4c shows the line drawing 
and shaded display of the completed CAD 
model. 

Example 2: Renault piece. For objects 
like the automobile “Renault piece” in 
Figure 5a, which contains sculptured sur¬ 
faces, it is still possible to divide it into a 
set of simpler parts, although the decom¬ 
position may not be obvious. Here we 
divide it into five subparts in Figure 5b: 
small right head (upper left), base plate 
(upper right), left head (lower left), back 


Table 1. Evaluation of 3D object representation. 


Criterion 

CSG 

Sweep 

B-rep 

EGI 

Scope 

Fair 

Fair 

Good 

Good 

Accessibility 

Poor 

Poor 

Good 

Good 

Conciseness 

Fair 

Good 

Fair 

Poor 

Uniqueness 

Poor 

Poor 

Fair 

Poor 

Stability 

Fair 

Good 

Good 

Fair 

Sensitivity 

Fair 

Fair 

Good 

Fair 


bump (lower center), and neck (lower 
right). For the right head and the left head, 
we find all sharp edges and then construct 
the surfaces from them as we did in design¬ 
ing the green piece. For the base plate, the 
neck, and the back bump, first we design 
some pseudo edges, which are the intersec¬ 
tion of the surface planes. Then we con¬ 
struct these surfaces but leave small gaps 
between them where cubic patches are 
used to produce the rounded edges. Figure 
5c shows the intersection curves of these 
parts, which are computed to obtain the 
complete object using set operations per¬ 
formed by the combiner. Figure 5d shows 
the completed CAD model of the Renault 
piece. 

Note that Alpha_l can be used to model 
a large class of sculptured mechanical 
parts that are not representable by either 
a CSG or a sweep model. Although the use 
of nonuniform rational B-splines allows 
significant flexibility in the geometric 
modeling, spline representation does not 
explicitly exhibit important features used 
in most recognition techniques. Thus we 
want to construct descriptions based on 
other vision representations from this 
CAD model. 

CAD-based 3D object 
representations 

In this section we derive vision represen¬ 
tations from the Alpha_l CAD models. 
These representations can then be inte¬ 
grated into a vision model employing mul¬ 
tiple representations. Appropriate models 


are used based on the results from differ¬ 
ent recognition tests. 1,13 

Surface points and normals representa¬ 
tion. Surface points representation pro¬ 
vides a universal discrete description of the 
object’s boundaries. However, it requires 
a large amount of data to describe a given 
surface. Note that in a spline-based sys¬ 
tem, the surface normal is a byproduct of 
the surface (point) evaluation procedures, 
called knots insertion, spline refinement, 
or subdivision. 

Although this representation does not 
carry more information than the original 
CAD model, it provides the ability to com¬ 
municate with other vision modules that 
create higher level descriptions based on 
data in this format. For example, region 
growing and edge detection algorithms are 
commonly used with 3D range data and 
matching is done on the extracted symbolic 
features. 14,15 Moreover, this representa¬ 
tion generates synthetic data for arbitrary 
shapes as well as for regular objects (cubes, 
spheres, cylinders, etc.). For an example 
of the use of surface points to parts locali¬ 
zation problem in manufacturing, refer to 
the article by Gunnarsson and Prinz 16 in 
this issue of Computer. 

Surface points extraction. A simple 
technique to extract surface points from B- 
spline patches uses the subdivision 
method. 1 In this technique a B-spline 
patch is first subdivided into smaller pieces 
that are within the given resolution, then 
the centroid of each of these small patches 
is computed. The points extracted by this 
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(a) 


Figure 5. Design of the Renault piece 
using the Alpha_l CAD system, (a) 
shows the Renault piece object, (b) 
shows the subparts of the Renault piece 
CAD model, (c) shows intersection 
curves of the subparts of the Renault 
piece, and (d) shows the designed CAD 
model of the Renault piece. 




(b) 
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(a) (b) (c) 

Figure 6. Surface points and normals representation, (a) shows surface points on the green piece (0.1-inch resolution), (b) 
shows the surface points on the Renault piece (0.2-inch resolution), and (c) shows the surface normals on the green piece 
(0.4-inch resolution). 


method depend not only on the shape of 
the surface but also on its parameteriza¬ 
tion. However, after the set operations, 
some parts of an Alpha_l CAD model are 
represented as polygons and some parts as 
B-spline surfaces. Our strategy is to sub¬ 
divide all the surfaces into polygons to 
make the problem uniform. By applying 
a contour-filling algorithm, 17 we get 
interior line segments of the polygons and 
then extract points along these segments at 
a desired resolution. 

The main element of a contour-filling 
algorithm is to find the intersection seg¬ 
ments of a line and the region enclosed by 
that contour, including the contour itself. 
This can be done by first splitting the line 
into segments at each intersection point of 
the line and the contour, then deciding 
which of these segments lie inside the 
region. 

An edge-based contour-filling algo¬ 
rithm described by Pavlidis 18 requires an 
expensive preprocessing of the contour 
(sorting and marking the edges). It is used 
in applications, such as surface shading, 
where the same contour is used repeatedly. 
Since, in our case, the number of polygons 
in a model is usually very large and we 
extract only a small number of points from 
each one of them, we have developed a 
new algorithm 17 that uses topological 
information of the contour at each inter¬ 
section point to decide which segments lie 
inside the polygon. It gives a linear com¬ 
putational complexity in the average case. 
We obtain the surface normal vector at 


each sampled point by using bilinear inter¬ 
polation of normals at the adjacent ver¬ 
tices. In Figures 6a and 6b we show the 
surface points on the green piece and on 
the Renault piece at 0.1- and 0.2-inch reso¬ 
lution, respectively. In Fig. 6c, we show 
the surface normals on the green piece at 
0.4-inch resolution. 

Surface curvature representation. The 

local surface shape can be characterized by 
curvatures, which combine information of 
both the first and second derivatives. 
These derivatives have been used in vari¬ 
ous techniques for segmentation of 2D 
contours, 2D images, and 3D range data. 
Features such as edges, corners, and pla¬ 
nar patches can also be defined quantita¬ 
tively by curvatures. In differential 
geometry, 8 the curvature of a 2D contour 
is defined as the change in the tangent vec¬ 
tor per unit length. If this change has the 
same direction as the normal vector, the 
curvature is positive, otherwise it is nega¬ 
tive. For 3D surfaces, the normal curva¬ 
ture at a point in one direction is defined 
as the curvature of the intersection curve 
of the surface and the plane containing this 
directional vector and the surface normal 
vector at this point. Therefore, each point 
has different values of normal curvature, 
one for each direction. Among these 
values, the maximum and the minimum 
are called the principal curvatures and 
their corresponding directions are called 
the principal directions. The product of 
the principal curvatures is called Gaussian 


curvature and their arithmetic average is 
called mean curvature. 

Recently, various approaches that use 
curvatures as intrinsic characteristics of 
surfaces and describe shape by curvature 
have been addressed in the literature on 
computer vision. 11 ' 13 Curvature-based 
intrinsic features are very useful in object 
recognition techniques. 

We compute four basic types of surface 
curvatures—Gaussian, mean, maximum, 
and minimum—for a given CAD model 
designed with Alpha_l. The input CAD 
models may be in different forms: sampled 
surface points, continuous B-spline sur¬ 
faces, and subdivided polygons. 

For sampled surface points, we use 
finite differences to approximate the first 
and second partial derivatives. Then we 
apply standard equations to find the Gaus¬ 
sian, mean, and principal curvatures. 8 
Figure 7a exhibits samplings of surface 
points for one view of the Renault piece at 
various resolutions. Using this data, Fig¬ 
ure 7b shows the edge points of the sam¬ 
pled Renault piece model, which are found 
by simply requiring the larger absolute 
value of the principal curvatures to fall 
above a threshold. We can observe the 
similarity of results on synthetic and real 
data. Also note that the curvature results 
even at low resolution are quite good. Like 
the edge points, planar patches can be 
found by using a low pass filter. 

We can obtain surface curvatures from 
continuous B-spline surfaces in a simple 
manner. The basic surface type in the 
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Alpha_l system is a tensor product B- 
spline patch. A convenient way to think of 
the tensor product surface is to think of the 
rows or columns of the matrix of spatial 
points (control mesh) as a set of individual 
B-spline “control curves,” with one knot 
vector and one order associated with each 
of them. The other knot vector and its 
order then describe how these curves will 
be blended to form the surface. The 
derivative of this B-spline surface is 
another tensor product B-spline surface 
with a lower order formed by the differen¬ 
tiation of these control curves. Higher 
order derivatives are found by successive 
differentiations. The unit normal vector is 
found from the cross product of the first 
partial derivatives (tangent vectors). The 
rest of the computations of curvatures are 
the same as before. Since it requires 
rational computations in vector normali¬ 
zation, there is no closed form of surface 
curvatures in B-spline. 

For models in the form of subdivided 
polygons, we use an alternative definition 
of Gaussian curvature used in EGI. The 
Gaussian curvature of a small polygon can 
be approximated by the ratio of the area 
of regions enclosed by normals of vertices 
on the Gaussian sphere to the actual area 
of the polygon. 

Interpretation of curvature results. Fig¬ 
ure 8 shows the results of the computation 
of curvatures for a Coons patch. In the 
two views of a Coons patch in Figure 8a, 
the surfaces contain four interesting parts: 
peak, pit, and two saddles. Figure 8b 
shows the four surface curvatures. In Fig¬ 
ure 8b the black lines are isoparametric 
lines of curvatures (not lines of curvature) 
and the white lines are the zero crossings. 
Figure 9 shows the Gaussian curvature and 
the extrema of principal curvatures of a tea 
pot. Images in Figure 8b and 9 are gener¬ 
ated by mapping the curvature values onto 
its B-spline control mesh approximately. 
From Figures 8 and 9 we can make the fol¬ 
lowing observations: 

(1) The zero crossings of Gaussian cur¬ 
vature do not necessarily correspond to 
step edges. They are just surface inflection 
points, a kind of critical point. 

(2) Segmentation of range data based 
on the zero crossings of Gaussian curva¬ 
ture gives a meaningful decomposition of 
surface patches. They are clearly separated 
by the zero crossings of Gaussian cur¬ 
vature. 

(3) The sign of Gaussian and mean cur¬ 
vatures provides a useful symbolic descrip- 



Figure 7. Surface points and the extrema of principal curvatures, (a) shows a sam¬ 
pling of surface points at two resolutions (0.2-inch and 0.1-inch spacing) and the 
real range data taken with a laser range finder (0.12-inch resolution in the x direc¬ 
tion and 0.08-inch resolution in the y direction), (b) shows edge points as the 
extrema of principal curvatures for the figures in (a). 




(b) 

Figure 8. Four basic types of surface curvatures of a Coons patch, (a) shows two 
different views of a Coons patch and (b) shows surface curvatures: maximum prin¬ 
cipal curvature (upper left), minimum principal curvature (upper right), Gaussian 
curvature (lower left), and mean curvature (lower right). 
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Figure 9. Gaussian curvature (upper 
right) and extrema of principal 
curvatures (lower left) for teapot. 


tion for the local surface shape. 

(4) The local extrema (positive maxi¬ 
mum or negative minimum) of the prin¬ 
cipal curvatures correspond to the object’s 
edges. 

(5) The local maxima of the smaller 
absolute values of principal curvatures 
correspond to the object’s corners. 

(6) Conic surfaces (sphere, cylinder, 
and cone) and planes can be specified by 
the value of principal curvatures. 

Generalized sweep representation. We 

can extract this representation directly 
from the CAD design procedures if the 
object is designed in this way. However, to 
design the axis, a set of cross sections and 
their profile functions for a given shape is 
not straightforward. Sometimes, without 
special design tools, it even becomes 
impossible for some fairly complex 
objects. One possible solution is to design 
the generalized sweep representation by 
other powerful construction operators, 
then extract the approximate cross sections 
and axis from the designed model’s sur¬ 
faces. For more complex objects, we can 
use hierarchical structures where different 
GCs are joined together. However, 
sophisticated decompositions are required 
in that case. 

To generate GCs for simple objects, or 
simple subparts of a complex object, we 
have to find some cross sections and link 


them by an axis. For example, see the 
deformed ellipsoid in Figure 10a, modeled 
by the Alpha_l system with several linear 
deformations on a surface of revolution. 
It became a warped GC (nonplanar cross 
sections) after these deformations. One 
possible way to generate a GC description 
for this object is: 

(1) Slice it in some direction to find all 
the cross sections. 

(2) Find the centroid of each cross sec¬ 
tion. This can be done by applying Green’s 
theorem 8 to the curve, as long as it is 
closed. 

(3) Link all centroids to construct the 
axis. 

Figure 10b shows a result of the above pro¬ 
cedure. It has the following properties: 

(1) All cross-section planes are parallel 
to each other. 

(2) All cross sections are planar but not 
necessarily circular. 

(3) The axis passes through the centroid 
of each cross section. 

(4) The angle between the axis and each 
cross section plane is not necessarily 90 
degrees, and each one has a different 
angle. 

This parallel slicing method is very sim¬ 
ple and the result in Figure 10b looks good. 
However, using this technique we will have 
an infinite number of descriptions for a 
single object. For example, in Figure 10c, 


we used a different slicing direction and 
got a totally different result—a different 
axis and different cross sections. This kind 
of representation obtained from the par¬ 
allel slicing method is useless in object 
recognition. More constraints are needed 
to get a unique description. 

The initial slicing direction is important 
in order to get the canonical axis that is 
invariant to rotation and translation. A 
splitting scheme given below is similar to 
the one used in curve approximation. 19 It 
uses the axis of inertia and generates GCs 
such that all cross sections are closed, cross 
sections do not intersect each other, the 
axis is orthogonal to each cross section, 
and the axis passes through the centroid of 
each cross section. 

Iterative splitting method for general¬ 
ized cylinder approximation. This algo¬ 
rithm has the following steps: 

(1) Find the major axis of inertia, the 
one having minimum moments of inertia, 
and the extrema of the object along this 
axis. 

(2) Find the cross sections near these 
extrema that are perpendicular to the 
major axis of inertia and connect their cen¬ 
troids as the first approximation to the 
axis. 

(3) Find the cross section that passes 
through the midpoint of the approximated 
axis and is perpendicular to it. Connect its 


30 


COMPUTER 









centroid to the two endpoints of the previ¬ 
ous axis and split the axis and the object 
into two pieces. 

(4) Repeat Step 3 on each of the sub¬ 
pieces recursively until the desired reso¬ 
lution is obtained, or the new cross section 
is not closed, i.e. it intersects other cross 
sections. 

(5) Adjust the axis and cross sections 
recursively such that all cross sections are 
found at critical points of the axis and are 
perpendicular to the axis at their centroids. 

This approach provides several 
advantages: 

• It uses the axis of inertia in the initial¬ 
ization procedure to obtain the canonical 
axis of an object. 

• The axis is perpendicular to the cross 
sections and passes through their centroid. 

• The cross sections are closed planar 
curves and do not intersect each other. 

• Since the whole surface is split during 
the recursion, its time complexity is 
improved from 0(mri) to 0(wlog 2 «) 
where m is the total number of polygons 
in the CAD model of a component and n 
is the number of cross sections. 

The algorithm minimizes the number of 
possible GC representations for one object 
to achieve the unique property of a vision 
model, and does not restrict the shapes of 
axis and cross sections to represent a larger 
scope of objects. Figure 11a shows the 
results of the axis and cross sections extrac¬ 
tion on the object shown in Figure 10a, 
after one, three, and five iterations. Fig¬ 
ure 1 lb shows the axis and cross section for 
the helicopter shown in Figure 12b. It is a 
first-order approximation. A refined GC 
representation is obtained by including an 
angle test along the axis and a similarity 
test by moments on adjacent cross 
sections. 


Polyhedral representation. Polyhedral 
representation is widely used in computer 
vision because of its simplicity and good 
support of both geometrical and topolog¬ 
ical information. A polyhedral model can 
be constructed from vertices, edges and 
faces where vertices are 3D spatial points, 
edges that are straight-line segments 
between vertices, and faces that are planar 
polygons enclosed by an ordered list of 
edges or their corresponding vertices. A set 
of geometrical and topological conditions, 
as given by Requicha, 5 must be met for 
any valid polyhedral model. 

In this work, the geometrical conditions 
are assumed from the validity of the given 
CAD models. Most of the topological con- 



Figure 10. Generalized cylinder representation for a simple object showing (a) a 
deformed ellipsoid, (b) a generalized cylinder approximation of (a), and (c) another 
generalized cylinder approximation of (a). 





(a) 



(b) 


Figure 11. Generalized cylinder approximation showing (a) results of the iterative 
splitting algorithm after one, three, and five iterations for the object shown in Fig¬ 
ure 10a, and (b) generalized cylinder approximation for the helicopter shown in 
Figure 12b. 
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Figure 12. Polyhedral representation for a teapot and a helicopter, (a) shows a B- 
spline model for a teapot and its polyhedral approximation, (b) shows a B-spline 
model for a helicopter and its polyhedral approximation. 



Figure 13. Extraction of features from the polyhedral representation showing (a) edge 
detection on a teapot and (b) edge detection on a helicopter. 


ditions are also ensured by the embedded 
linked-list data structure. However, due to 
the flexibility of nonuniform B-splines 
used in the Alpha_l system, different com¬ 
binations of order, knot vector, and con¬ 
trol points may result in different curves 
having identical geometry. For modeling 
of complex shapes it is very likely that 
adjacent patches will not have the same 
knot vector and control points along their 
common boundary, and that some patches 
will be adjacent to more than one patch on 
one side. 

Currently Alpha-1 does subdivision and 


polygonal approximation locally, which 
leaves some gaps along adjacent patches 
because of the above situations. In order 
to get a valid polyhedral model such that 
every edge is shared by two and only two 
polygons, we use a global approach in this 
research. Adjacency information on sur¬ 
face patches contains not only the com¬ 
mon sides but also the ranges in which they 
are matched. For partially adjacent 
patches and patches that are differently 
parameterized along the common bound¬ 
ary, we insert information on more than 
one adjacency into each side. This infor¬ 


mation is propagated proportionally to the 
subdivided patches whenever a subdivision 
occurs. In this global approach we first 
perform all the required subdivisions, then 
build polygons for each small subpatch 
which contain not only the subpatch’s four 
corners but also the adjacent corners of all 
neighboring patches. Therefore, the 
adjacency information on the subpatch 
can be mapped onto each of the approxi¬ 
mated polygons and still maintain the 
topological validity of the resulting poly¬ 
hedron. 

Figure 12a shows the B-spline model for 
a teapot and its polyhedral approximation. 
Figure 12b shows a similar example of a 
helicopter. Features can also be extracted 
from this polyhedral representation. For 
example Figure 13 shows the results of 
edge detection on the teapot and the 
helicopter model by thresholding the 
changes in the surface normal vector along 
adjacent faces. 

Extended Gaussian image representa¬ 
tion. Although there is a continuous 
expression 9 for EGI for some objects, 
such as the solid of revolution, a uniform 
approach that allows both smooth sur¬ 
faces and polyhedral objects to have the 
same EGI structure first approximates 
smooth surfaces by polygons and then 
maps each polygon onto the Gaussian 
sphere. To gain the advantages of EGI, 
such as its invariant mapping under rota¬ 
tion, a tessellation of the Gaussian sphere 
should have cells such that 

(1) there is no overlap and gap between 
cells, 

(2) they have the same area, 

(3) they have the same shape, 

(4) they occur in a regular rounded pat¬ 
tern, and 

(5) there exists a formal scheme to 
obtain finer resolution that still has 
the above properties. 

Unfortunately, these criteria cannot be 
satisfied simultaneously. 

A simple tessellation by divisions of 
meridians and parallels has a higher den¬ 
sity of cells on both north and south poles. 
Although we can overcome this by having 
fewer strips at higher altitudes, this tessel¬ 
lation does not have a linear relationship 
of rotation between the object and its EGI 
mapping unless the rotational axis is ver¬ 
tical. Better tessellations result from 
projecting regular polyhedra onto a con¬ 
centric unit sphere. These tessellations 
have proved to be the optimal sampling of 
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a sphere on the corresponding number of 
samples. 

However, there are only five regular 
polyhedra and the maximum number of 
faces for an icosahedron is 20. Further 
subdivision on each face of these regular 
polyhedra is required to obtain finer reso¬ 
lution. A well-known method is the geo¬ 
desic divisions. For a tessellation based on 
the icosahedron, each triangle of the icosa¬ 
hedron is subdivided into four equal-sized 
right triangles. After projecting these sub¬ 
divided triangles onto a Gaussian sphere, 
we obtain an 80-face tessellation. 

By repeating the subdivision/projection 
procedure, a multiple-resolution tessella¬ 
tion of the Gaussian sphere is constructed 
hierarchically. This structure consists of a 
set of concentric spherical shells. The out¬ 
ermost shell has the highest resolution of 
the geodesic tessellation and the innermost 
one is the basic icosahedron. On each face 
of the icosahedron is an inverted triangu¬ 
lar pyramid that links the corresponding 
triangles at different resolution levels. This 
resembles the pyramidal image structure 
used in 2D computer vision and has simi¬ 
lar properties and advantages. For exam¬ 
ple, the EGI weight of one cell is equal to 
the sum of the weights of its four descen- 
dents at the next level. 

To construct the multiple-resolution 
EGI from a given CAD model, each B- 
spline patch is first subdivided into flat 
polygons within a given tolerance. The 
area of each of the polygons is then 
accumulated in the corresponding cell of 
each level. The procedure to access the cor¬ 
responding cell in one resolution from the 
polygon’s normal vector follows: 

(1) Determine into which of the trian¬ 
gles of the icosahedron the given normal 
falls. 

(2) Determine into which of its four 
descendents the given normal falls. 

(3) Repeat Step 2 until you reach the 
required resolution level. 

The total number of tests needed to access 
one cell at level n, assuming the icosahe¬ 
dron is level 0, is 4 n + 20 in the worst 
case. In fact, we find not only the cell at 
level n, but also all the corresponding cells 
from level 0 to level n - 1 simultaneously. 

Figure 14 shows the results of the geo¬ 
desic tessellation based on an icosahedron 
and its EGI mapping for a cylinder. Fig¬ 
ure 14a shows the testing cylinder, whose 
length is twice the diameter. Its EGI map¬ 
pings are also shown at each resolution 
level. The darker triangle has higher 
weight. Figure 14b is the icosahedron at 



(e) 


level 0. Figures 14c to 14e are levels 1, 2, 
and 3 and have 80, 320, and 1280 faces, 
respectively. The orientation of the cylin¬ 
der is clearly reflected on its EGIs. The two 
black triangles in Figure 14e are images of 
the top and bottom circular faces of the 
cylinder. The side faces of the cylinder are 
mapped onto a circular strip on the Gaus¬ 
sian sphere. 



Figure 14. Multiresolution geodesic tes¬ 
sellations of the Gaussian sphere and 
the corresponding EGIs for a cylinder: 
(a) a cylinder; (b) an icosahedron, level 
0 (20 faces); (c) an icosahedron, level 1 
(80 faces); (d) an icosahedron, level 2 
(320 faces); and (e) an icosahedron, 
level 3 (1280 faces). 


For a concave object, we decompose the 
object’s surface and build an EGI for each 
patch. 

Object decomposition and hierarchical 
representation. Hierarchical representa¬ 
tion has been commonly used in different 
domains. 4,20 ' 21 An approach to this repre¬ 
sentation requires two steps: 
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Figure 15. The CAD-based robot vision system. 


(1) Decompose the object into parts. 

(2) Construct relational links between 

decomposed parts from Step 1. 

From a computational point of view, hier¬ 

archical representation simplifies the com¬ 

plexity of the problem. For computer 

vision applications, it provides a solution 

for recognition of partially visible objects. 

In 3D object recognition, self occlusion 

occurs even for a single object. Hierarchi¬ 

cal structures based on decomposition of 

the object’s surface and/or volume are 

necessary for any of the above representa¬ 

tions in practical use. Moreover, psycho¬ 

logical studies have given evidence of the 

role of parts in human visual recog¬ 

nition. 1 2 * * * * * * * * * * * * * * * * * * * 22 

Dividing objects into regular primitives 

(spheres, cubes, etc.) has been common in 

CSG systems. It is useful in CAD/CAM 

applications because of the analogy 
between set operations and mechanical 
manufacturing. However, this decompo¬ 
sition contains primitives that may not 
exist in the sensed data. Thus, it does not 
suit computer vision applications. 

As described in the section “Surface 
curvature representation” above, decom¬ 


position of an object can be based on the 
shape of its local surface. Although this 
kind of partition does not necessarily cor¬ 
respond to the human visual mechanism, 
it is computationally simple and invariant 
to the viewer’s position and direction. 
Different representations use different 
strategies to decompose objects. General¬ 
ized cylinder representation requires a 
volume-based decomposition. Surface 
curvature representation and EGI require 
a surface-based decomposition. For 
volume-based decomposition, we parti¬ 
tion surfaces based on the generic intersec¬ 
tions of surfaces (surfaces intersect 
transversally). For surface-based decom¬ 
position, we use the zero crossings of the 
Gaussian curvature and the extrema of the 
principal curvatures. In Figure 9 note that 
Gaussian curvature and extrema of prin¬ 
cipal curvatures provide good decompo¬ 
sition. 


T he CAD-based approach 
presented here allows the con¬ 
struction of vision models 
employing multiple representations for 


most of the objects found in industrial 
environments. It differs from using CAD 
tools to design features that can be visually 
measured. As summarized in Figure 15, 
the CAD-based vision model preparation 
procedure reveals a strong analogy to the 
image-understanding procedure. It needs 
some preprocessing of the input CAD 
designs. Decompositions or 3D segmenta¬ 
tions are then performed on the model’s 
shape, the physical surface. Finally, we 
extract features for different representa¬ 
tions from each subpart and integrate 
them into the hierarchical multiple- 
representations vision models. 

Our approach connects the relationship 
between the object’s image in the real 
world and the sensory data and its image 
in the designer’s mind, the CAD models. 
It also provides an automatic and sys¬ 
tematic approach to building models using 
multiple representations on different parts 
of the same object. These multiple 
representations and the multiple matching 
techniques based on these representations 
are required in a flexible automated envi¬ 
ronment, where robots equipped with 
multiple sensors operate. □ 
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Most CAD systems for 
3D modeling use 
geometric 
representations 
incompatible with 
vision technology. 
Here, a CAD system 
based on an extension 
of the Gaussian 
image, the spherical 
dual representation, 
preserves duality. 
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C omputer-aided design (CAD) sys¬ 
tems typically have many differ¬ 
ent functions: drafting, two- 
dimensional modeling, three-dimensional 
modeling, finite element analysis, and fit 
and tolerancing of parts. We report here 
on the construction of a CAD system 
based on shape representation ideas used 
in the vision community to determine the 
shape of an object from its image. In the 
long term, we will construct a combined 
CAD and sensing system based on the 
same underlying object models. 

Considerable advantages follow from 
building a model-driven sensor fusion sys¬ 
tem that uses a common geometric model. 
In a manufacturing environment, for 
example, a library of objects can be built 
up and its models used in a vision and 
touch sensing system integrated into an 
automated assembly line to discriminate 
between objects and determine orientation 
and distance. If such a system could be 
made robust and highly reliable, then some 
of the most difficult problems that plague 
attempts to create a fully flexible auto¬ 
mated environment would be solved. 

Our CAD system allows users to con¬ 
struct and examine three-dimensional 
models of objects. A well-known CAD 
technology—constructive solid geometry 
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with union, intersection, and set difference 
between primitive solids—allows the user 
to build complex object models. Primitive 
solids used in construction are represented 
internally by surface descriptions based on 
an extension of the Gaussian image called 
the dual spherical representation. This rep¬ 
resentation creates polyhedral models of 
objects; smoothly curved objects are 
approximated by many planar faces, a 
common practice in computer graphics. 
The spherical dual representation com¬ 
bines the advantages of Gaussian images 
and dual space, a highly useful combina¬ 
tion in automated sensing systems. As we 
show here, the resulting representation 
well suits three-dimensional solid 
modeling. 

Design principles 
of the CAD system 

Solid modeling in our system is achieved 
by extrusion from a user-defined polygon, 
by a user-defined set of faces that enclose 
a volume, or by set operations that 
combine given objects. Theoretical and 
practical properties of the internal repre¬ 
sentation, such as set operation 
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regularization and recovery from user 
errors, need to be addressed in the design 
goals for a CAD system. 

Although our system does include a 
simple, planar extrusion facility, we felt 
that constructive solid geometry based on 
set operations would be more intuitive and 
easier to use. Constructive solid geometry 
CAD systems require that set operations be 
regularized.' Unregularized set operations 
between objects can result in unfortunate 
anomalies. If, for example, we intersect two 
objects that have at one place only two 
edges in common, an edge not bounding 
any surface will result. Regularization 
means tailoring operations to avoid 
producing such anomalies. The spherical 
dual image representation has the 
advantage that regularization of set 
operations occurs naturally without any 
special considerations. 

The implementation of set operations in 
conventional systems depends on the 
characteristics of the boundary representa¬ 
tion data structures. If a set operation fails 
to give the desired result due to a mistake by 
the user, the data structure of the solids will 
sometimes be corrupted. Thus, in such 
systems it is difficult to recover the original 
solids. In our system, however, the original 
solids can be regenerated after an 
unsuccessful set operation because the data 
structures of the objects currently being 
operated on are retained. 

Visualization of all results due to set 
operations and the operations themselves 
are complicated and we can expect mistakes. 
Obviously, the ability to recover previous 
solids is an important function in solid 
modeling and thus is commonly available 
in commercial systems. 

A major drawback of using a Gaussian 
sphere representation has been an inability 
to reconstruct nonconvex objects from their 
representations. Reconstruction, the ability 
to draw a picture, must be possible in a 
CAD system. We shall show that our tech¬ 
nique, the dual spherical image, permits a 
full reconstruction algorithm. Many other 
advantages accrue from extensions to 
Gaussian representations such as the one 
described here, as we shall show. 

Encoding and decoding shape 
descriptions requires computation time and 
may therefore be considered a disadvantage 
by normal CAD standards. For an 
alternative approach where the CAD system 
remains traditional and a standard extended 
Gaussian image and other vision 
representations are derived from B-splines, 
see Bhanu and Ho. 2 


Representation of 
3D solids 

The Gaussian sphere. Gaussian spheres 
provide a method of representing solid 
objects by the orientation of the surfaces 
of the object. First, consider how the 
Gaussian image of a convex polyhedron is 
formed. Imagine the set of unit normal 
vectors associated with each face of the 
polyhedron. If each of these normal vec¬ 
tors is translated to a common origin, 
retaining its original direction, the end¬ 
points of these vectors define a unit Gaus¬ 
sian sphere and the locus of the endpoints 
is the Gaussian image of the polyhedron. 
The principle can be extended to smoothly 
curved convex objects by associating a 
normal vector with each surface point of 
the object. 

Certain classes of objects have simpli¬ 
fied Gaussian images. As already men¬ 
tioned, a polyhedron of n faces is 
represented by n points on a Gaussian 
sphere. The solids of revolution also have 
specific properties that lead to a simplified 
Gaussian image. A solid of revolution is 
bounded by the rotation of a plane curve 
about an axis coplanar with the generating 
curve. In manufacturing, these shapes are 
produced by turning operations. For such 
an object, the lines of curvature are the 
parallels of latitude and the various rota¬ 
tions of the generating curve. 3 Also, the 
principal directions of the surface can be 
defined as the only directions with cor¬ 
responding parallel directions in the Gaus¬ 
sian image. Since lines of curvature are 
lines tangent to the principal directions at 
every point, and since the generating curve 
that produces the solid of revolution is also 
a line of curvature, it follows that the 
Gaussian image of the solid of revolution 
is a surface of revolution. 

A third class of surfaces with simplified 
Gaussian images, the developable surfaces 
are produced by bending a planar surface 
or any surface of constant Gaussian cur¬ 
vature. One property of developable sur¬ 
faces is that they intersect with their 
tangent planes in straight lines. 3 These 
straight lines, called generators, com¬ 
pletely cover the developable surface. 
Since each generator has a constant nor¬ 
mal along its entire length, the line maps 
into the Gaussian image as a point, and a 
developable surface maps into a curve in 
the Gaussian sphere. 

Moving Gaussian spheres is convenient 
because of the symmetry for all rotations: 
Translation of an object induces an iden¬ 


tical translation of its Gaussian image. 

Drawbacks of the Gaussian sphere. One 

problem with the Gaussian image repre¬ 
sentation is dealing with nonconvex 
objects. Objects that are not convex will 
usually produce a Gaussian image the 
same as the image of some convex object, 
and two nonconvex objects can have the 
same Gaussian image. The two polyhedra 
shown in Figure 1 have the same number 
of faces, oriented the same way; they map 
into identical Gaussian images. 

Clearly a great deal of information 
about surfaces is lost in mapping a solid to 
its Gaussian image. In the case of a poly¬ 
hedron, information on the area, position, 
and shape of the faces is lost; only the 
orientation is preserved. Two objects of 
the same shape but different sizes have the 
same Gaussian image. Additional infor¬ 
mation must be encoded with the Gaussian 
image to obtain a useful representation for 
objects. 

One way to add more information is to 
treat the points of the Gaussian image as 
point masses calculated by some weighting 
function. For example, the extended 
Gaussian image (EGI) has been defined 
where the weighting function is surface 
area, or the inverse of Gaussian curvature 
for smooth objects. 4,5 These EGIs have 
been successfully calculated from photo¬ 
metric stereo images of real objects and 
used for object recognition and attitude 
determination. 


Dual space 

The concept of dual space is developed 
from a duality between points and planes 
observable in the theorems of geometry. 
For any given geometrical theorem, a cor¬ 
responding dual theorem can be asserted 
by substituting points for planes and 
planes for points. 3 This relationship is 
possible because both points and planes 
are defined by three parameters. A partic¬ 
ular dual transform commonly referred to 
as dual space is described in Huffman. 6 
The general equation for a plane may be 
written as 

ax + by + cz = d (1) 

Since there are only three degrees of free¬ 
dom in defining a plane, the coefficients 
a, b, c, and d form a linearly dependent set 
and can be “normalized” by making 
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Figure 1. Two different objects with an identical Gaussian image. 



c = 1. Equation (1) can then be written 

z = - ax - by - d (2) 

The dual of this plane is defined as the 
point (-a, - b , -cl). There is also a dual 
relationship between lines in (x, y, z)-space 
and dual space. A line formed by the inter¬ 
section of two planes corresponds to a dual 
line joining the two points that are the 
duals of the planes. 

The orientation of the plane specified by 
Equation (2) is described by its normal vec¬ 
tor n = ai + bj + cR. Therefore, only the 
first two coordinates of the dual point are 
related to orientation; d describes the posi¬ 
tion of the plane. Gradient, or ( p, q) space, 
is formed by plotting a and b on the p-q 
plane. 7 The position of points in gradient 
space determines the orientation of the 
corresponding planes in {x, y, z)-space. 
Note that planes parallel to the z-axis, 
however, will map into points at infinity 
in both dual and gradient space. A dual 
line may also be projected into gradient 
space, with the result that the distance 
from the (p, q) origin is equal to the slope 
of the (x, y, z)-line. Slope is defined here 
as the change in z divided by the change in 
projected distance, or the tangent of the 
angle between the (x, y, z)-line and the 
Z = 0 plane. Furthermore, if the original 
line is orthographically projected into the 
(x, y) plane and overlaid with the gradient 
space line in ( p, q) coordinates, the two will 
be perpendicular. 

Dual space is a more complete represen¬ 
tation than the Gaussian sphere. Dual 
space represents both the orientation and 
the position of the planes in the object, and 
edges are explicitly described as the con¬ 
nections between dual points. Nonconvex 
objects do not pose a problem in 
dual space. 

Gradient space is a more limited repre¬ 
sentation technique since all orientations 
are defined with respect to the z-axis. Gra¬ 
dient space gives special treatment to one 
axis because it was developed as a tool for 
interpreting line drawings of solid objects, 
and the z-axis corresponds to the line of 
sight. Directions pointing away from the 
observer cannot be represented, and the 
direction of normals to the silhouette of an 
object lie at infinity in gradient space. 

Draper 8 and Shafer 9 provide extensive 
analyses describing the advantages and 
uses of duality in visual processing. We 
next describe a representation for solids 
that combines Gaussian images and dual 
space, preserving the advantages of both 
and having few of the disadvantages. 


Spherical dual space 

Gaussian sphere derivation. Gaussian 
images represent polyhedra as sets of 
points on the surface of a unit sphere. Each 
point corresponds to the orientation of the 
face it represents, but gives no indication 
of the position of the face. The use of 
weighting functions has been discussed as 
a method of associating more information 
with each face so that the object is com¬ 
pletely described by this enhanced Gaus¬ 
sian image. Now, if the orientation of a 
polyhedron face is known, the perpendic¬ 
ular distance from the face to the origin, 
say r, completes the description of the 
plane containing the face. It is reasonable, 
then, to define the “measured” Gaussian 
image of a face F as the Gaussian image 
point weighted by the function 

m{F) = 1/r (3) 

The weighting must take positive and 
negative values to distinguish between par¬ 
allel faces equally spaced on opposite sides 
of the origin. Therefore, r is assigned a 
positive value if the perpendicular vector 
from the origin to the face is in the same 
direction as the outward facing normal of 


the face. Face A of the object drawn in Fig¬ 
ure 2 is given a positive weighting, and face 
B is given a negative weighting. 

Another limitation of Gaussian spheres 
is the representation of nonconvex objects. 
In Figure 2, faces A , C, and E are all par¬ 
allel and facing the same direction, so they 
are all represented by the same point on the 
Gaussian sphere. In order for the spheri¬ 
cal dual image to uniquely describe all 
polyhedra, multiple point masses must be 
allowed at each location on the Gaussian 
sphere surface. However, there will still 
not be any distinction between faces A and 
E since they not only have the same nor¬ 
mal, but are also weighted the same. 

While the measured Gaussian image 
represents all the planes that contain faces 
of a polyhedron, the edges of each face in 
the plane are not directly defined. The 
edges of each face can only be determined 
by the intersection of adjacent faces. For 
convex objects, the adjacencies can be 
rather easily recovered. For objects with 
concave edges, however, additional infor¬ 
mation is needed: The adjacencies between 
faces forming a concave edge are explicitly 
recorded by connecting the Gaussian 
image point masses with a chord. 

From the Gaussian sphere point of view, 
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the spherical dual image of a polyhedron 
consists of points on the sphere weighted 
by the inverse distance function of Equa¬ 
tion (3). The point masses that represent 
other faces that share a common concave 
edge are connected by chords of the 
sphere. More than one face of the object 
may be represented by one point on the 
sphere to permit nonconvex polyhedra to 
be represented. 

For the polyhedron in Figure 2, for 
example, faces A and E are represented by 
a single point. Face C has the same orien¬ 
tation as A and E but a different weight 
and chords representing explicit concave 
connections. 


Dual space derivation. Note that there 
are some elements of duality in the meas¬ 
ured Gaussian image described above. The 
planes containing polyhedral faces are rep¬ 
resented by points on the Gaussian sphere, 
and the edges of the polyhedron are rep¬ 
resented by chords of the sphere. Spheri¬ 
cal dual space can also be derived from the 
equation for a plane in much the same way 
as presented for Huffman’s dual space in 
the section “Dual space” above. 

An alternative normalization for the 
algebraic expression for a plane, Equation 
(1), is to let of = 1. The resulting equation 
is 

ax + by + cz = 1 (4) 

Huffman’s normalization can be 
described as having a cylindrical sym¬ 
metry, because Equation (2) cannot repre¬ 
sent planes parallel to the z-axis. The 
d = 1 normalization has spherical sym¬ 
metry, because the planes that cannot be 
represented by Equation (4) are those that 
pass through the origin with any orienta¬ 
tion. Spherical symmetry is preferred for 
solid representation because objects to be 
grasped may be approached from any 
direction, and the coordinate axes can 
always be redefined so that no planes of 
the object pass through the origin. 

Suppose a, b, and c are taken to be the 
rectangular coordinates of a point P' dual 
to the plane of Equation (4). The position 
vector of Pai + bj + etc, is parallel to 
the normal direction of the plane whose 
dual is P The measured Gaussian image 
of a plane can be interpreted as the spher¬ 
ical coordinates of a point in spherical dual 
space. The direction angles 0 and <t> are 
defined by the point’s location on the 
sphere, and the radius g is defined by the 
weighting function m(F). These 


parameters are in fact the spherical coor¬ 
dinates for P'(a, b, c). 

The spherical coordinate system is use¬ 
ful for locating dual points because any 
point can be described by either of two 
triplets. A point whose spherical coor¬ 
dinates are (g, 0, <t>) is also given by (g, 0 
+ it, <t> + ti). A plane that bounds a solid 
will have one of two outward-facing nor¬ 
mal directions, so the appropriate spheri¬ 
cal coordinates can be chosen to represent 
either positive or negative perpendicular 
distance from the origin. A very thin 
object such as a cardboard box might be 
represented as planes only, but then both 
normal directions would be equally valid. 
Using spherical coordinates to describe 
one side of planes as inside and one side as 
outside therefore necessitates a nonzero 
thickness for objects. 

Advantages and problems of the spher¬ 
ical dual representation. Other extensions 
to the Gaussian sphere that have both 
desirable and undesirable characteristics 
have been used for visual scene analysis. 4 
In this section we examine the spherical 
dual representation to determine its advan¬ 
tages and shortcomings and compare it 
with other extensions. 

Preserving duality was the major design 
goal in the spherical dual representation 
since, for the purposes of visual scene anal¬ 
ysis, duality has many important useful 
properties. 8,9 In this regard, the represen¬ 
tation succeeds, easily eclipsing gradient 
space in completeness and relative free¬ 
dom from defects. 

The dual spherical representation also 
improves over other extensions to the 
Gaussian image in this regard because they 
do not maintain full duality. The dual 
spherical representation preserves rota¬ 
tional and scale invariance, although not 
translation invariance (a problem we will 
examine more carefully later). Among all 
other extensions to the Gaussian sphere, 
the spherical dual alone allows full 
wireframe reconstruction of objects, a 
necessity in a CAD system. 

Constructive solid geometry set opera¬ 
tions have an elegant realization in spher¬ 
ical dual space. Regularization, for 
example, follows from the set operation 
definitions without the need for checking 
special cases. No other extensions to the 
Gaussian sphere have associated set oper¬ 
ation algorithms. Set operations with 
other extensions may be impossible since 
they are effectively incomplete. 

In addition to not having a translational 
invariance property, the spherical dual 


representation cannot properly dualize 
planes passing through the origin since 
they map to infinity in dual space. This 
annoying defect can always be finessed by 
moving the origin away from the objects 
being represented, although we will incur 
some computational expense. Apart from 
these two problems, we have not yet 
attempted object recognition in visual 
scene analysis, although orientation infor¬ 
mation, full duality, and encoding of con¬ 
cave edges should prove as useful (if not 
more so) as other Gaussian image 
extensions. 

We chose the tradeoffs inherent in the 
spherical dual representation to promote 
construction of a model-based sensor 
fusion system in which the models are 
provided by a CAD front end. Construc¬ 
tion of the CAD portion of the system 
reported here has proven successful. 
Future work will explore the use of dual 
spherical representation for vision and 
touch sensing and their fusion. 

Specific CAD 
algorithms 

In general, we find it very important to 
encode the equations representing faces of 
objects with the normals to the planes uni¬ 
formly pointing outward (uniformly 
inward would work as well). The 
algorithms discussed throughout, there¬ 
fore, have all been carefully designed to 
maintain the integrity of normal vector 
directions. 

Decomposition of objects into convex 
parts. All of the CAD algorithms devel¬ 
oped here depend critically on object con¬ 
vexity. Since objects are not always 
convex, we present an algorithm to parti¬ 
tion nonconvex objects into convex 
regions. 

Intuitively, we can easily see a uniform 
technique for dividing objects into a col¬ 
lection of convex subobjects: For each face 
bounded by a concave edge, extend the 
plane of the face inside the object at the 
concave edge. All such extensions taken 
together internally partition the object into 
convex regions; Figure 3 illustrates the 
principle in two dimensions. In the formal 
algorithm, we create a table, the columns 
formed by the outer boundary planes of 
the object and the rows formed by the 
different permissible combinations of 
planes that might create internal convex 
partitions of the object. Table 1 is the table 
corresponding to Figure 3. 
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Form a table with the outward normal 
of each plane identified as a column. Each 
concave edge can form three different 
internal partitions of the object so the 
maximum number of internal partitions 
possible is 3” where n is the number of 
concave edges. The rows of the table show 
the possible internal partitions created by 
the concave edges. 

In general, some of the combinations of 
partitions will not form objects. We can 
test whether a combination of planes 
forms an internal partition by intersecting 
the half spaces * associated with each face 
using an algorithm given in Brown 10 or 
Preparata and Muller. 11,14 An empty 
intersection means that no corresponding 
convex subobject exists. 

The decomposition algorithm is not 
efficient, nor does it produce an optimal 
decomposition of objects. For example, 
the two-dimensional object in Figure 3 can 
be optimally partitioned into three convex 
objects. Finding good algorithms for 
decomposing concave objects into convex 
subobjects is very much an open research 
problem in computational geometry. 

Reconstruction. Now we turn to 
wireframe reconstruction of objects from 
their dual spherical representation. We 
need recovery at least of the original three- 
space information to allow display of the 
object. 

Convex objects are particularly simple 
to reconstruct using spherical dual 
representations. From the basic definition 
of spherical dual space, the dual of a poly¬ 
hedral face will be a point, and the dual of 
a vertex will be a polygon bound by dual 
edges. 

In our representation, the dual edges 
have been eliminated and so must be 
reconstructed. Taking the convex hull** 
(of the dual points), a well-known nlogn 
algorithm 12 reconstructs the dual edges. 
The normal three-space vertices can be 
located in the spherical dual representation 
using graph theory techniques. They are 
defined as the plane of minimum cyclically 
connected sets of nodes such that all other 
points in the convex hull lie to one side of 
that plane. The dual points that form the 
corners of the polygon will be coplanar, 


*A “half space” is formed from a plane and all of the 
space on one side of the plane. The plane here 
represents the face of the object, and the occupied side 
of the plane represents the interior of the object. 


••Imagine a gift-wrapped object. The shape of the 
wrapping paper forms the convex hull for that object. 



and the coordinates of the vertex are taken 
from the coefficients of the equation for 
the plane. From the dual image, therefore, 
the duals of vertices are located as poly¬ 
gons and the real vertices are calculated. 
The edges in the reconstructed wireframe 
object connect vertices whose duals share 
a common edge in the convex hull. Com¬ 
pared with the complicated, iterative 
reconstruction algorithm known for 
extended Gaussian images, 13 this algo¬ 
rithm is both conceptually elegant and 
computationally precise. 

The reconstruction of concave objects 
follows from combining decomposition of 
a spherical dual representation into convex 
subobjects and convex object reconstruc¬ 
tion. A union of the subobjects must be 
effected, a much easier task than usual 
since the objects only share boundary sur¬ 
faces. During the surface union operation, 
common surfaces can be recognized eas¬ 
ily because they have the same dual point 
representation, although the signs of their 
components may differ due to opposite 
pointing normals. 

The wireframe reconstruction algo¬ 


Figure 3. A sawtooth polygon. 


rithm is complete: It can reconstruct any 
convex or concave object from its dual 
spherical representation, a heretofore 
impossible feat with other extensions of 
the Gaussian image. Also, all required 
computations take place entirely in dual 
spherical space, an elegant solution faster 
than continually switching back and forth 
between spherical dual and normal three 
space. 

The symmetry of dual space allows an 
amazing property: We can derive the 
spherical dual representation of an object 
from its wireframe model. Faces on the 
wireframe model are polygons formed by 
connected sets of vertices and are used to 
calculate points in the dual spherical rep¬ 
resentation. These points in dual spherical 
space are connected if the wireframe faces 
share a common concave edge. Spherical 
dual representations can be constructed 
either from CAD data or sensory input. 

Constructive solid geometry in spheri¬ 
cal dual space. The user may create new 
objects by defining the vertices of faces 
bounding the object, which can require a 


Table 1. Sawtooth table. 



Plane (1) 

Plane (2) 

Plane (3) 

Plane (4) 

Plane (5) 

Plane (6) 

Plane (7) 

I 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

II x 

+ 

+ 

+ 

- 

+ 

+ 

+ 

III 

+ 

+ 

- 

+ 

+ 

+ 

+ 

IV 

+ 

+ 

+ 

+ 

+ 

- 

+ 

V 

+ 

+ 

+ 

- 

+ 

- 

+ 

VI 

+ 

+ 

- 

+ 

+ 

- 

+ 

VII x 

+ 

+ 

+ 

+ 

- 

+ 

+ 

VIII x 

-1- 

+ 

+ 

- 

- 

+ 

.+ 

IX 

+ 

+ 

- 

+ 


+ 

+ 


x Means the partition is empty when the intersection of half spaces is taken. 
+ Indicates a normal direction pointing “inside” the object. 

- Indicates the opposite normal direction. 
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Figure 4. A face of one object entirely 
contained in the other object will be 
eliminated in set union. 


lot of work, or by using set operations on 
solid primitives. In the case where the user 
creates an object by specifying the bound¬ 
ary points of each face, the system must 
automatically determine the sign of the 
equation for each face to make certain that 
normals point uniformly outward. An 
application of the Jordan curve theorem 
to three-dimensional objects is needed to 
determine for each face which direction 
points outward. When set operations on 
solid primitives are used, we predefine the 
equations of the primitives to make the 
normals point outward. 

Next, we present an algorithmic descrip¬ 
tion for the set operations of intersection, 
union, and difference. Note that all oper¬ 
ations take place in dual spherical space 
unless otherwise specified. 

Intersection of two objects (object-1, 
object-2) 

Case 1: The two objects are convex. 

A particularly fast and elegant algo¬ 
rithm exists 10,14 for finding the intersec¬ 
tion of solid polyhedra from the 
intersections of the half spaces formed 
from the boundaries of the objects. The 
technique works by intersecting all half 
spaces ‘ ‘above” (not including) the origin, 
intersecting all half spaces “below” 
(including) the origin, and combining the 
two results. 

In dual spherical space, because the dis¬ 
tance to the plane is encoded as 1 /d, the 
half-planes intersection algorithm results 
in a particularly elegant solution. Take the 
convex hull of all points representing half 
spaces not containing the origin and the 
convex hull of points representing spaces 
containing the the origin. If the two con¬ 
vex hulls overlap in dual spherical space, 
then the original objects do not intersect 
in space. If the two hulls do not overlap, 
the intersection of the original objects is 


provided by combining the points of the 
two hulls on one dual spherical image. 14 
Taking the convex hull of this combined 
dual spherical image allows the full recon¬ 
struction of the intersection (itself convex, 
of course). 

Case 2: One or both of object-1 and 
object-2 are concave. 

Partition each object into its set of con¬ 
vex regions and form all possible intersec¬ 
tions between the convex objects’ 
partitions. After all intersections have 
been formed, check each object face artifi¬ 
cially created by partitioning the object to 
determine whether that face has different 
connections in the objects formed on 
either side of the partition. If not, that face 
is completely internal to the intersection 
and should be deleted from the final 
answer. A special case occurs when con¬ 
cave edges from different objects are per¬ 
fectly aligned, since a concave edge may 
result in the answer. 

Union of two objects (object-1, 
object-2) 

Case 1. Let object-1 and object-2 be 
convex. 

Form the convex hull of object-1 and 
form the convex hull of object-2. Form the 
convex hull of the intersection of object-1 
and object-2. 10 ' 11,16 If any surface in the 
hull of object-1 intersect object-2 has the 
same adjacencies as it did in its original 
object, delete that point from the dual 
spherical representation of the union. See 
Figure 4. Copy all other spherical dual 
points in object-1 and object-2 into the 
spherical dual representation of the union. 
Make a connection between the spherical 
dual points representing the surfaces in the 
intersection belonging just to object-1 or 
just to object-2 (but not common to both). 
Case 2. One or both of object-1 and 
object-2 are concave. 

Divide the objects into convex parts as 
described in the reconstruction algorithm. 
For each convex part of one object, find 
its intersection with each convex part of 
the other object. Mark all the surfaces that 
can be removed from the union of two 
convex objects using the algorithm 
described in Case 1 for convex objects. 
Determine whether any surface in the 
intersections has the same adjacencies as 
the same surface in the original object, 
with the addition of adjacencies of 
separating planes of the convex part. Mark 
the spherical dual points of surfaces that 
satisfy the conditions for deletion. A face 
of object-2, say, may be contained entirely 


in object-1 but fall across several internal 
partition boundaries (see Figure 5); care 
must be taken in removing such faces. 
After all surfaces have been visited, delete 
all the spherical dual points marked for 
deletion in every convex partition. The 
remaining spherical dual points along with 
the connections (if any) between them rep¬ 
resent the union of the two objects. 

Difference of two objects (object-1, 
object-2) 

Let object-1 and object-2 be two convex 
objects. 

Form the convex hull of object-1 and 
form the convex hull of object-2. Form the 
convex hull of the intersection of object-1 
and object-2. If any of object-l’s surfaces 
in the intersection have the same adjacen¬ 
cies as they did in object-1, delete those 
points from the dual spherical representa¬ 
tion of the difference. Those points repre¬ 
sent faces subtracted from the object by 
the difference operator. Adjacencies are 
determined from the convex hull opera¬ 
tion. Copy all other spherical dual points 
of object-1 into the spherical dual repre¬ 
sentation of the difference. Change the 
outward normal directions of the planes 
involved in the intersection of object-1 and 
object-2 that came only from object-2. 
Make a connection between object-2’s 
spherical dual points adjacent to each 
other in the intersection; they have become 
concave edges in the set difference. 

If either or both objects are concave, 
the operations and special checks required 
are quite similar to those in the union of 
concave objects. A much more difficult 
problem is illustrated in Figure 6. Some set 
differences can create multiple objects. We 
handle this case by constructing the object 
faces back in normal three space, perform¬ 
ing the set difference and then creating 
multiple spherical dual representations for 
each separate object. Every spherical dual 
space algorithm that we have been able to 
find is far too complicated and expensive. 
Although this case rarely (usually as an 
error) or never occurs, we continue to 
search for a better algorithm in spherical 
dual space. 

Regularization of the set operations. 

The possibilities for producing anomalous 
“objects” as a result of set operations 
include two object points (vertices) coin¬ 
ciding, an object point coinciding with an 
object edge of a face, two edges coincid¬ 
ing, an edge and a face coinciding, or two 
faces coinciding. Set operations must be 
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Figure 5. A face of one object may cross partitioning Figure 6. The set difference of object-1 and object-2 

boundaries in the other, concave, object. results in multiple objects. 



regularized to handle each of these special 
cases. The half spaces intersection algo¬ 
rithm does not record the geometrical 
coincidences that cause regularization 
problems. Since the dual spherical set 
operators all rely on the half-spaces inter¬ 
section algorithm, they automatically 
inherit freedom from regularization 
problems. 

Motion. Moving the representation of 
an object encoded as a Gaussian image is 
simple: For every motion that the real- 
space object makes, the Gaussian image 
makes exactly the same motion. Rotation 
and translation correspond perfectly for 
both object and representation. 

We would like to maintain this desira¬ 
ble feature when we encode Gaussian 
image points to fulfill duality require¬ 
ments. Rotation remains unaffected by 
our encoding scheme; rotations of the 
object induce equal angular rotations of 
the spherical dual image. Translation, 
however, requires some extra work. 
Because the number encoding a point on 
the surface of the sphere is derived from a 
distance relative to the origin, we must 
either adjust that distance dynamically as 
part of the translation process of a dual 
spherical image or else assume a local coor¬ 
dinate system for each object that moves 
with the object. The best solution requires 
dynamically adjusting the distance to the 
faces, an easy task. 

Suppose the dual of plane P with equa¬ 
tion ax + by + cz + d = 0 (d * 0) is 
given by S = (A, B, C ). If we perform a 
translation by Q = (xl, yl, zl), then the 
new dual S' is given by S' = (>4/(1 - S • 
Q), B/(\ — S • Q), C/(l - S - Q)). If S - 
Q equals 1 (that is, a plane is translated to 


a position where it would contain the ori¬ 
gin in normal three space), the division by 
zero can be resolved either by moving the 
origin or by storing the weight artificially 
as zero (1 /d can never be zero, so this con¬ 
stitutes a special case). 

The outward direction of the normal is 
preserved during translation by multiply¬ 
ing the normal vector by - 1 if the origin 
crosses the plane during translation. We 
can determine whether the origin passes 
the plane by comparing the signs of the 
components of the normal vector before 
and after translation. A sign change results 
if the origin has been crossed. If the dual 
is stored in spherical coordinates, we can 
determine passage through the origin 
because the angles will change by 180 
degrees. 


Figure 7. Picture of a 
sample session. 


Implementation. The system has been 
written in C for an IRIS 2400 graphics 
workstation. Objects may be defined by 
extrusion, by specifying points bounding 
each face of the object, or by solid con¬ 
structive geometry. Figure 7 shows an 
object created using this system. 


W e have presented a CAD sys¬ 
tem based on a shape repre¬ 
sentation of objects similar to 
one commonly used in computer vision 
systems. We constructed this system as a 
tool to help provide models of objects to 
drive model-based vision and touch sens¬ 
ing routines. 
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Over the next decade, we believe that 
vision researchers will increasingly inves¬ 
tigate the capabilities and applications of 
model-driven systems, especially as an aid 
for automating controlled environments 
like factories. In experimental and produc¬ 
tion environments, tools for easily build¬ 
ing models useful in sensing systems will 
be needed. Any CAD tool of tomorrow 
will need this capability to remain com¬ 
petitive. □ 
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Prediction-Based Vision for 
Robot Control 


Michael O. Shneier, Ronald Lumia, and Martin Herman 
National Bureau of Standards 


This sensing and 
control system 
employs a feedback 
loop to bring a robot’s 
internal representation 
of its environment 
into registration with 
the real world. 


T he domain of robot sensing has 
much more structure than that of 
general sensing. A robot sensing 
system must operate within time and 
accuracy limits usually mandated by the 
application. It commonly does this by 
precomputing as much information as 
possible about the robot’s environment 
and the objects in it, and storing this infor¬ 
mation as a model of the world. In most 
cases, this knowledge corresponds to 
statistical or structural methods of iden¬ 
tifying objects in images, but is encoded in 
such a way as to be useful only for recog¬ 
nition or object location. 1 

As robot tasks become more compli¬ 
cated, this approach becomes less viable. 
A more general approach to modeling is 
required when task and path planning 
must be effected at runtime rather than 
fixed beforehand. And when unknown 
objects must be handled or when the envi¬ 
ronment becomes too complicated, the 
simple methods break down. As more flex¬ 
ibility is required of the system, more 
generality is required of the models. For¬ 
tunately, in industrial robotics environ¬ 
ments a good source of models is usually 
available—the computer-aided design files 
used to define the objects. A designer can 
take advantage of this geometrically com¬ 
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plete information to substantially enhance 
the capabilities of a robot sensing system. 

In addition to modeling the geometry of 
objects, a sensing system must usually 
model the environment surrounding the 
objects and account for the many instances 
of each object that might appear in the 
world and the changes that might be made 
to each of them. This makes representa¬ 
tion and modeling substantially more than 
a simple description of the objects. Path 
planning needs an explicit representation 
of the space surrounding objects, to make 
it possible to compute optimal motion 
trajectories. When objects can change dur¬ 
ing a task either by being machined or by 
being joined to one another in assemblies, 
it becomes necessary to treat descriptions 
as functions of time as well as of space. 

At the National Bureau of Standards, 
we have developed and implemented a 
sensing and path planning system for a 
robot meant to operate in a metal machin¬ 
ing shop (Figure 1). This system has many 
of the properties deemed desirable for a 
robot working in a complex environment. 
The sensing part of the system consists of 
a sensing module and a representation 
module. The sensing module operates the 
sensors, performs feature extraction and 
matching, and presents information about 
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Figure 1. Architecture of the robot sensing and path planning system. 


object identities and positions to the rep¬ 
resentation module. The representation 
module is responsible for incorporating 
the sensed data into an internal represen¬ 
tation of the world, for maintaining con¬ 
sistency in the internal representation, and 
for making predictions about the world 
that are used to guide the sensing. The path 
planning part of the system plans collision- 
free paths, and the control system executes 
these as well as other (predefined) paths. 

A special feature of our approach is that 
the planning and control systems are 


decoupled from the sensors, with the inter¬ 
nal representation acting as the interface. 
This means that the sensors must be able 
to keep the internal representation in regis¬ 
tration with the world and must accom¬ 
plish this task fast enough to maintain 
stability in the control algorithms. This 
approach has the advantages that the con¬ 
trol system does not have to wait for the 
sensors to respond, does not have to know 
about the internal structures in the sensory 
system, and can get responses about the 
world independent of the sensory modal¬ 


ity used to determine the information. 
(The information may be obtained from 
models, hypotheses, or sensors.) 

Currently, two kinds of representation 
are used in the system. The first is an 
object-based representation, which 
describes the geometry and attributes of 
parts and their instances. The second is a 
spatial representation, which describes 
objects by the space they occupy and 
explicitly represents space that is full, 
empty, or unseen. The representations are 
active, in the sense that processes operate 
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constantly to add new information, 
modify obsolete information, and main¬ 
tain consistency as new sensed data are 
processed. The path planner uses the spa¬ 
tial representation to generate collision- 
free paths for the robot. 

Sensing is heavily prediction-based. 
Given the expected position of a sensor at 
some time in the future, the sensing system 
predicts which important features will be 
visible and where they will appear in the 
data. The predicted features are labeled 
with their names and the names of the 
objects to which they belong. They are 
passed to the modules that handle sensory 
processing, where they are used to guide 
feature extraction and matching. Match¬ 
ing has the effect of computing new posi¬ 
tions for the objects. These are used to 
modify the internal representation and so 
allow more accurate predictions the next 
time around. This feedback loop brings 
the internal representation into registra¬ 
tion with the world. 

Our system has been implemented on a 
set of microprocessors that operate asyn¬ 
chronously and communicate by means of 
common memory. It makes use of two 
sensors—an ordinary camera and a struc¬ 
tured light range sensor. The sensors are 
mounted on the wrist of the robot so 
accurate position and orientation informa¬ 
tion can be obtained and so they can be 
moved along specified trajectories. 

Representations 

As mentioned previously, there are two 
basic representations, one for spatial 
information and one for geometric infor¬ 
mation about objects. We distinguish 
between generic models, which describe 
the pure geometry of objects, and 
instances of models, which describe the 
unique aspects of individual instantiations 
of models, such as their positions and 
orientations. Generic models have an 
internal coordinate system to which every¬ 
thing is fixed. Instances have extra trans¬ 
formations that locate and orient them in 
the global coordinate system. There are 
also generic models of the space occupied 
by each model, again referenced to an 
internal coordinate system. There is a sin¬ 
gle spatial representation for object 
instances, in which each instance is repre¬ 
sented explicitly by the volume it occupies 
and in which free space is also explicitly 
represented. 

Object representation. The purpose of 
the object representation is to organize the 


data describing the objects so that the 
processes of prediction and updating can 
be performed as rapidly as possible. There 
are many ways to represent objects. The 
best representation depends on the 
intended application. The representation 
should be complete, concise, and unam¬ 
biguous. 2 However, use of the representa¬ 
tion should be fast and easy. 

In our system, objects are represented 
by boundary representations. Surfaces are 
built from edges that are in turn con¬ 
structed from vertices. These representa¬ 
tions are augmented by redundant 
information to decrease the processing 
delay associated with the execution of 
algorithms. For example, given a straight 


Generic models have 
an internal 
coordinate system to 
which everything is 
fixed. 


edge and the location of the starting and 
ending vertices, an algorithm can straight¬ 
forwardly calculate the length of the edge. 
However, if the length is explicitly stored, 
an algorithm using the edge length can exe¬ 
cute slightly faster. Several representations 
to enhance the geometric description are 
also included. These include octree infor¬ 
mation, parametric equations, and aspect 
graphs. A more complete description of 
the geometric object model can be found 
in Lumia. 3 While the precise information 
stored in these representations can change 
to reflect a better match with the 
algorithms, the fundamental concept 
remains the same: calculate as much as 
possible off-line and store it explicitly in 
the model. 

A generic object is defined as the 
description of an object in an object- 
centered space. An instance, on the other 
hand, provides information unique to a 
specific part in the real world. While the 
generic object description is relatively 
long, the instance description needs only 
a small amount of information concerning 
the part’s precise location and orientation 
in the world. Consequently, each instance 
has a homogeneous matrix that trans¬ 
forms a part location from its standard 
orientation into a position in the real 
world. 


We require that every object be repre¬ 
sented in the system at all times. There may 
be several intermediate stages in the 
machining of a part. Each stage is consid¬ 
ered to be a different part and must be 
given a description from the external CAD 
database. This should not be too incon¬ 
venient, since the system must know pre¬ 
cisely how it intends to process each part. 

The generic objects and the instances of 
each generic object are linked to describe 
the contents of the robot’s workspace. The 
generic object representations, which store 
the equivalent of CAD data, are stored in 
a linked list. The instance information, 
which includes the homogeneous trans¬ 
form and provides the confidence that the 
instance is at the location specified by the 
transformation, is also stored in a linked 
list. Generic objects and instances appear 
(disappear) by allocating (freeing) memory 
and modifying the links. 

The current method of inputting object 
models to the system is through a menu- 
driven front end and takes the form of 
sequences of surface, vertex, and edge 
descriptions for each object. This informa¬ 
tion is often available from CAD systems, 
but a parser is needed to convert from the 
particular internal format of each CAD 
system to that used by the sensory system. 
It does not appear that current CAD sys¬ 
tems use internal representations that are 
optimal for most of the operations 
described above, although they usually 
support some forms of prediction (e.g., 
rendering). The problem of converting 
from one format to another is difficult, 
but the conversion can usually be done off¬ 
line, either at the time the part is defined 
or before the models are downloaded at 
the beginning of a task. 

Spatial representation. Complementing 
the object representation, the spatial rep¬ 
resentation provides a way of indexing into 
the world by position. This facilitates find¬ 
ing out information about free paths 
through space and answering questions 
about what is in front of the robot. It is 
also very useful for predicting what will be 
visible from a particular viewpoint (doing 
such predicting through occlusion analy¬ 
sis and the computation of relative posi¬ 
tions of objects and features). The 
requirements of a spatial representation 
are that it should encode spatial informa¬ 
tion explicitly and should allow fast com¬ 
putation of spatial relationships. 

The spatial representation in our imple¬ 
mentation is organized as an octree. An 
octree is a recursive decomposition of a 
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cubic space into subcubes 4 (Figure 2). Ini¬ 
tially , the whole space is represented by a 
single node in the tree called the root node. 
If the cubic volume is homogeneous (is full 
or empty), then the root is not decomposed 
at all and comprises the complete descrip¬ 
tion of the space. Otherwise, it is split into 
eight equal subcubes (octants), which 
become the children of the root. This pro¬ 
cess continues until all the nodes are 
homogeneous or until some resolution 
limit is reached. 

Many of the operations on the octree 
involve casting rays or projecting volumes 
through the space. To discover what is in 
front of the robot (or a sensor), a cone is 
projected into the tree and the objects that 
intersect its volume are extracted. To 
decide if a particular feature is occluded 
from some viewpoint, a ray is cast from 
the viewpoint to the node and checked for 
intersection with objects along the way. 5 
To decide if a particular motion of the 
robot is collision-free, the volume swept 
out by this motion is checked for intersec¬ 
tion with objects. 6,7 In the octree, these 
operations can be done rapidly, especially 
if special hardware is available to perform 


transformations. (To speed up our imple¬ 
mentation, we designed a homogeneous 
matrix multiplier.) 

The spatial representation is linked to 
the object-based representation so that 
queries that need information from both 
representations can be answered easily. 
This can be especially useful where fine 
motion close to objects must be planned, 
since the octree alone does not represent 
object shapes to sufficient accuracy, and 
the object representation alone does not 
adequately represent the relationships 
between objects and the space around 
them. 

The octree is constructed initially from 
information given to the representation 
system at the start of the task. Later, it is 
modified by incoming sensed data, in a 
way to be described below. The a priori 
information consists of individual object- 
centered octrees, one for each generic 
object, and expected positions for each of 
the instances of these objects. We should 
mention that the original design of the sys¬ 
tem assumed that the models would be 
developed using the PADL-2 CAD sys¬ 
tem. This system, in addition to being able 


to generate boundary representations, uses 
octrees for volume computations. While 
the current system does not take output 
from PADL-2, it does assume that the 
octrees are available. We wrote a special 
program to construct the octrees from the 
object models described above. 

The initial data are used to build a 
world-centered octree describing the entire 
workspace of the robot. The objects are 
assumed to appear exactly as expected, 
and they are projected into the tree. The 
regions that are not filled are labeled as 
unseen. (This projection algorithm is 
described by Hong and Shneier. 8 ) At this 
stage, it is possible to start predicting what 
the sensors should see and to begin plan¬ 
ning paths through the space. 


Prediction 

Prediction requires a knowledge of the 
parameters of the sensors and of the sen¬ 
sors’ positions at some future time. It 
makes use of both the object and spatial 
representations to construct a set of fea¬ 
tures to be extracted from the sensed data. 
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Figure 3. Ray tracing in a quadtree. 


These features are a subset of those which 
the sensory system can extract and are 
described in terms of the feature type and 
parameters. (For example, a feature may 
be described as a corner with a given 
included angle in the coordinate system of 
the sensor.) Each feature has an associated 
certainty window, which corresponds to a 
region in the image in which it may appear. 
It also has a label giving its name and that 
of the object to which it belongs. This 
information is passed to the sensory sys¬ 
tem and is used in both feature extraction 
and matching. The process of construct¬ 
ing the predictions is as follows. 

Predictions must be made for both 
known and unknown objects. For 
unknown objects, the methods are quite 
primitive. Features associated with an 
unknown object are predicted on the basis 
of the time sequence (velocity measure¬ 
ment) of the location of the feature. This 
can present severe problems if the features 
appear and disappear as a result of occlu¬ 
sion. However, once the object is identi¬ 


fied, many of these problems go away. 

The prediction of features for known 
objects uses the geometric and spatial 
representations. Currently, only point 
features—a corner with an included angle, 
for example—are predicted. Eventually, 
prediction of nonpoint features—the 
observed edge length, for example—will 
also be desired, but such prediction will be 
more difficult to do because of partial 
occlusion. The discussion here is limited to 
prediction of point features. 

The prediction of point features uses 
both the geometric and spatial representa¬ 
tions. First, the geometric representation 
is used to predict the location of each of the 
features of each instance. Then, the spa¬ 
tial representation is used to remove the 
features that are hidden from the camera. 
Given the camera position in the world, a 
cone of visibility is constructed. Each 
instance of each generic object is checked 
for intersection with the cone, using the 
spatial representation. For each instance 
that intersects the cone, the features (which 


are stored in the geometric representation) 
are first transformed into the world coor¬ 
dinate system and then projected into the 
image plane of the camera. This results in 
a prediction that includes a specific feature 
type, its parameters, its expected location 
in the image plane, the generic object 
name, and the instance name. Some of the 
features projected into the image plane 
may not be visible due to occlusion. Occlu¬ 
sion may result from either interobject 
occlusion, in which a feature cannot be 
seen because another object is in the way, 
or self-occlusion, in which the position of 
the object itself hides the feature from the 
camera. Removal of hidden features is 
performed by casting rays into the spatial 
representation and noting whether the ray 
first intersects an object or the feature 
f location. Figure 3 shows this process work¬ 

ing on quadtrees. A number of full nodes 
are in the lower right-hand corner. The 
purpose of the algorithm is to determine 
if the feature at point f is visible when the 
camera is at point c. The idea is to trace the 
ray from point c to point f until a full node 
is reached. If point f is contained in the full 
node, the feature is declared to be visible. 
Otherwise, the feature is declared hidden. 
Lumia 5 provides more details. 

The above process results in a list of visi¬ 
ble feature locations and the generic 
object and instance associated with each 
feature. Although the list of features could 
be passed directly to other algorithms, it 
is better to define a neighborhood, or win¬ 
dow, around each predicted feature loca¬ 
tion to minimize the number of 
calculations. The instance information 
stores a confidence value that indicates 
how sure the system is about the actual 
location of the object. A window with a 
size inversely proportional to this confi¬ 
dence value can be created. The feature is 
expected to fall within the bounds of this 
window. The feature, window, generic 
object, and instance information are 
passed to the feature extractor as well as to 
the 2D matcher. The use of this informa¬ 
tion in matching and updating the repre¬ 
sentation is described below. 

Sensory processing 
and matching 

Both sensory processing and matching 
make use of the predictions computed 
from the current internal representations. 
Sensory processing is simplified by the 
focusing effect of the predicted features 
and the windows provided for each fea- 
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ture, while matching is made easier by the 
labels attached to the predictions. A major 
problem that has to be dealt with, how¬ 
ever, is that of unexpected objects. These 
have to be detected and described so that 
the representations can be updated. This 
implies that the areas outside of predicted 
windows must also be processed, but in a 
more generic way. 

Sensory processing thus involves two 
passes. We will describe only the technique 
used for camera data; the range data tech¬ 
niques are less developed. What is cur¬ 
rently implemented involves a certain 
amount of generic processing. This 
includes dynamic image thresholding and 
connected-components analysis. With the 
components and the set of predicted fea¬ 
tures provided as givens, the sequence 
described below is executed. 

For each predicted feature, each con¬ 
nected component is checked to see if it 
intersects the window surrounding the fea¬ 
ture. If it does, the appropriate feature 
detector is applied to that component, 
within the window, and any detected fea¬ 
tures that have the correct parameters are 
labeled with the name of the predicted fea¬ 
ture. The component is also labeled as 
expected. It is possible for a predicted fea¬ 
ture to find more than one match or for an 
image feature to match with more than one 
prediction. This ambiguity is treated by the 
matching routines. After all the predicted 
features have been processed, the con¬ 
nected components are checked in 
sequence to find any that have no matches 
with predictions. When such a component 
is found, a set of generic feature detectors 
is applied to the component. The resulting 
features are all labeled as belonging to the 
same object (for which a new name is con¬ 
structed) but are each given a unique fea¬ 
ture label. Thus, each connected 
component is required to belong to an 
expected object or is treated as a separate 
unexpected object. Later processing can 
coalesce objects that are found to be 
connected—when seen from another view¬ 
point, for example—or can separate 
objects that were seen as part of a single 
object, perhaps due to occlusion. These 
operations are accomplished using the spa¬ 
tial representation. 

What is passed up from the sensory sys¬ 
tem is thus a set of labeled features, where 
some of the labels are those that were 
predicted and some are newly invented 
names for unexpected objects. Informa¬ 
tion about errors in finding expected fea¬ 
tures is also available. The matcher takes 
the labeled features as input and attempts 


to find consistent sets that correspond to 
instances of the objects. When successful, 
the matching process produces as output 
an updated position and orientation for 
each object, which are used to modify its 
representation (see below). 

Matching has two phases. The first, 
which is quick and simple, applies to fea¬ 
tures that were both predicted and found. 
Here a least squares technique is used to 
transform the model, whose name is 
known from the prediction, onto the data. 
The transformation that has the least error 
provides the new position of the object and 
is passed back to the representation. (This 
process is explained by Rutkowski, Ben¬ 
ton, and Kent. 9 ) The matching process 
also supplies an error term that is used in 
the predictions to decide on the window 


A problem that 
currently is not well 
handled is that of 
noise in the sensing 
process. 


size for predicting features. For unex¬ 
pected objects, the set of features is passed 
to the representation to be used in describ¬ 
ing the object. The features are also passed 
to a special recognition module. This mod¬ 
ule attempts to match the data to all the 
known models but is not required to work 
in real time, since the objects can be 
described and manipulated even without 
being recognized. 

A tracking process was developed spe¬ 
cially for unexpected features. By comput¬ 
ing the velocities of the features in the 
image and knowing the motions of the sen¬ 
sor, it attempts to attach the same label to 
features across successive images. When a 
feature is seen from several viewpoints, tri¬ 
angulation can be used to compute its 
three-dimensional position, which then 
provides a better prediction of its appear¬ 
ance in later views (and can also help the 
recognition process). 


Updating the 
representations 

The representations are updated from 
information supplied by the sensory sys¬ 
tem. This information can take the form 
of new positions and orientations for 
known objects or new features grouped to 
form new unknown objects. There are two 


ways of updating the spatial representa¬ 
tion. One makes use of the processed data 
used for matching, and one uses the origi¬ 
nal image data. 

Object-based representation. Each 
instance of an object is stored as a row in 
a table. Information about the instance 
includes its current position, which is 
stored as a homogeneous matrix, a set of 
features that provide evidence for the 
object, and pointers to its spatial represen¬ 
tation and to its generic object description 
if it has been identified. Updating the 
information for expected objects is 
straightforward. The row in the table cor¬ 
responding to the object is found, and the 
new position matrix replaces the previous 
matrix. Each feature is also updated, 
either by modifying its position or by 
adding new features. (For objects that 
have been recognized, it is not really neces¬ 
sary to store the features, but they are 
available and are stored for consistency 
with the representation for unexpected 
objects.) 

The first time an object is seen, a new 
entry is created in the table. It contains the 
unique name of the object instance and the 
set of features associated with the instance. 
Initially, there is no pointer to a generic 
model, but a pointer to the spatial repre¬ 
sentation is created. Strictly speaking, an 
object can be unexpected only the first 
time it is seen, since thereafter there will be 
some capability for predicting its appear¬ 
ance. We nevertheless maintain a distinc¬ 
tion until the object is recognized and the 
pointer to its generic model is filled in. 

A problem that currently is not well han¬ 
dled is that of noise in the sensing process. 
Unexpected objects may simply be 
artifacts of the imaging process or may be 
distorted by that process. Certain features 
may be the result of special viewing angles 
or occlusions. Currently, we simply keep 
a count of the number of times an item has 
appeared. This is clearly inadequate, since 
observing an object from substantially the 
same position many times yields much less 
information than observing it twice from 
widely separated viewpoints. 

Spatial representation. The octree 
describing the spatial layout of the robot’s 
world has three kinds of nodes. There are 
nodes labeled as empty, which are known 
to contain free space; nodes labeled as full, 
which are also labeled with the objects they 
contain; and nodes labeled as unknown, 
whose volume has not been seen. The 
processes that update the representation 
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Figure 4. The effect of intersecting the cones produced by two views of an object. 
(Reprinted from M.O. Shneier, E.W. Kent, and P. Mansback, “Representing 
Workspace and Model Knowledge for a Robot with Mobile Sensors,” Proc. 7th 
Int’l Conf. Pattern Recognition, ©1984 IEEE.) 


modify the tree according to current sen¬ 
sory information. Their goal is to reduce 
the number of unseen nodes and to ensure 
that the full nodes are in the right places. 

The first of the two processes used to 
update the tree takes as input the position 
matrices of those objects whose positions 
have been changed as a result of sensory 
processing. It erases the old representa¬ 
tions of the objects and projects the object- 
based generic octrees for each object into 
the global octree, using the updated posi¬ 
tion matrices. This process is described by 
Hong and Shneier 8 and is essentially the 
same procedure as is used to construct the 
initial spatial octree. 

The second process is more primitive 
but more comprehensive. It handles unex¬ 
pected objects as well as expected objects 
and explicitly accounts for the uncertain¬ 
ties in their spatial extents. Given an image 
of the world from a known viewpoint, a set 
of “cones” is projected into the octree 
(Figure 4). The cones are defined by the 
sets of rays that pass through the focal cen¬ 
ter of the camera and are tangent to the sil¬ 
houettes of the objects. Each component 
in the image gives rise to a cone, and 
another cone is created by the boundary of 
the image. This last cone reflects the free 
space “visible” from the given viewpoint 
and has holes in it for each of the objects. 
This projection process is described in 
detail by Hong and Shneier. 10 

It is clear that from a single view little 
can be said about where in the cone an 


object actually lies. From successive views, 
however, the object can be constrained to 
lie in the intersections of the resulting 
cones (Figure 4). These intersections not 
only provide position information but also 
constrain the possible shapes of objects. 
They are also useful in segmenting unex¬ 
pected objects. A set of features extracted 
from an image may appear to belong to a 
single unexpected object from some view¬ 
point, but may be found to belong to sep¬ 
arate objects when information from a 
different viewpoint shows the separation. 
This extra information can be useful in the 
recognition process. The cones associated 
with each object also provide information 
that may be useful in the future for decid¬ 
ing where to point a sensor to reduce 
ambiguity in the scene as much as possible, 
by reducing the volume of the cones. 


Planning and control 

The planning and control components 
of the robot system interface with the sen¬ 
sory system through the internal represen¬ 
tation, as shown in Figure 1. The sensory 
system constructs and updates this repre¬ 
sentation, while the planning and control 
system queries the representation about 
object locations and orientations, object 
velocities, object sizes, and so on. Here, we 
discuss the path planning and collision 
avoidance component. The goal of this 


component is to generate collision-free 
paths in real time for three-dimensional 
movement by the robot. 

In our system, path planning and colli¬ 
sion detection use the octree spatial repre¬ 
sentation. The nodes of the octree actually 
form the search space during path plan¬ 
ning. For collision detection to be per¬ 
formed, the robot’s volume, and the 
volume it sweeps out when it moves, must 
be represented. The path planner takes as 
input the configurations of the robot in the 
start and goal positions. The output is a 
sequence of intermixed translations and 
rotations in 3D space. This path is then 
passed to the robot controller for exe¬ 
cution. 

In performing a search through the 
octree space, the planner combines several 
techniques in an attempt to achieve the 
greatest speed in finding free paths. The 
first technique, called hypothesize-and- 
test, involves hypothesizing a simple path 
for the robot by generating the volume it 
will sweep out during a motion. We con¬ 
sider two kinds of simple paths, one for 
translation and one for rotation. Any 
complex path can be approximated by an 
intermixed sequence of these two paths. 

The second and third search techniques 
are hill climbing and the A * search. A * is 
a best-first, tree-structured search 
method. 11 Hill climbing and A* are 
applied to a graph representation of the 
octree search space, initially obtained by 
connecting all adjacent leaf nodes of the 
octree. These two methods are used to 
obtain translation components of the 
robot’s path. The methods complement 
one another—hill climbing is fast, but 
because it searches only locally, it can get 
stuck at a local minimum in the cost func¬ 
tion; A *, though slower, can get the robot 
out of local minima since it searches 
globally. 

The fourth search technique is called the 
multiresolution grid search. Using the fol¬ 
lowing method, this technique offers a way 
to search at a finer resolution than that of 
the octree search space. A high-resolution 
grid is placed within the octants of the 
octree, and this grid is searched in a mul¬ 
tiresolution fashion. To determine 
whether a path from one point to another 
is valid, the hypothesize-and-test tech¬ 
nique is applied by forming a swept vol¬ 
ume between the two positions and 
checking for collisions with obstacles. 

For potential collisions to be detected, 
the swept volume representing the robot’s 
path must be compared with obstacles rep¬ 
resented in the octree. The robot is repre- 
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sented in terms of its links, their 
attachment relations, and their axes of 
motion. Each link as well as the swept- 
volume paths formed by translation or 
rotation of a link are approximated by a set 
of primitive shapes. 

There are three requirements for defin¬ 
ing a primitive shape. The first is that the 
computation that determines whether the 
shape intersects an object in the octree 
must be fast. The primitive shapes are 
therefore defined in terms of a spine— 
either a point, a simple curve segment 
(e.g., a straight line segment), or a simple 
surface segment (e.g., a parallelogram)— 
and a radius —a single extension outward 
from the spine that defines the shape’s sur¬ 
face. By representing octants in the octree 
as combinations of spheres, the intersec¬ 
tion test only has to determine the short¬ 
est distance from the center of a sphere to 
the spine of the primitive shape and check 
whether this distance exceeds the sum of 
the radii of the sphere and shape. 

The second requirement for a primitive 
shape is that it should be a reasonable 
approximation of a part of the robot or its 
swept volume. The third requirement is 
that the generation of primitive shapes 
should be very fast because a particular 
shape, if it is to represent a swept-volume 
path, must be dynamically generated dur¬ 
ing searching. Many of the shapes are 
therefore defined as translational or rota¬ 
tional sweeps of some other primitive 
shape. Examples of primitive shapes used 
in the system are 

• a sphere, defined as a point spine and 
a radius (Figure 5a), 

• a cylsphere, a volume swept out by 
linear translation of a sphere and 
defined as a line segment spine and 
the radius of the sphere (Figure 5b), 

• a volume swept out by linear transla¬ 
tion of a cylsphere and defined as a 
parallelogram spine and the radius of 
the cylsphere (Figure 5c), 

• a volume swept out by rotation of a 
cylsphere about an axis intersecting 
and perpendicular to its spine, and 
defined as a planar spine shape and 
the radius of the cylsphere (Figures 5d 
and 5e), and 

• a volume swept out by rotation of a 
sphere about an axis outside the 
sphere and defined as an arc segment 
spine and the radius of the sphere 
(Figure 5f). 

The latter volume is obtained if a rotation 
of a robot link is to occur about its axis of 
motion. More details about the path plan- 
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ning system can be found in the papers by 
Herman. 6,7 

Implementation 

The sensory, representation, and path 
planning system has been implemented as 
a set of modules, each of which runs in a 
separate microprocessor. A distributed 
operating system called GRAMPS has 
been developed to control the communi¬ 
cation between processes, which takes 
place through common memory. 12 
GRAMPS is a truly distributed operating 
system in that parts of its code reside on 
each of the processors and an unlimited 
number of processors can operate on the 
same bus, either independently or cooper¬ 
atively. Any of the processes can be 
restarted at any time without affecting the 
operation of the others, except in so far as 


(H*FF ) 
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they communicate with each other. 

Processes communicate via common 
memory. Two basic interfaces are availa¬ 
ble. In the first, regions of memory are 
defined as “files” and are read and writ¬ 
ten by those processors that know their file 
names. A semaphore system is used to 
ensure that only one user at a time can 
write a file and, if desired, that only one 
reader can read it. There are no restrictions 
on the number of users for each file. The 
second interface relies on dynamic mem¬ 
ory allocation and the passing of pointers 
to structures allocated. Any processor can 
allocate structures in common memory 
and pass pointers to any set of other 
processors (through a file). The memory 
can be modified by all the processors that 
have pointers to it and will not be freed 
until the last of the processors finishes 
using it. This is the preferred way of com- 


Figure 5. Primitive shapes used by the path planning module—sphere (a), cylsphere 
(b), translation-swept cylsphere (c), rotation-swept cylsphere (d), another rotation- 
swept cylsphere (e), and torus section (f). (Reprinted from Herman 6 ©1986 IEEE, 
SPIE.) 
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Figure 6. Image of a stack of objects (a); processed image of stack, with windows showing predicted locations of corners (b). 


munication, since it requires much less bus 
traffic. 

Currently, eleven processors are defined 
for the system (see Figure 1 again). One 
processor handles sensor interactions and 
controls the illumination. Another per¬ 
forms generic image processing and builds 
low-level descriptions of the images. These 
two processors do not make use of any 
top-down information, except commands 
to take pictures using either the range sen¬ 
sor or the camera. All the rest of the 
processors are much more closely linked to 
the model data. 

A third processor is dedicated to feature 
extraction. It takes as input a set of predic¬ 
tions and the preprocessed image data. Its 
outputs are labeled features, descriptions 
of unexpected features, and errors. These 
are sent to the matcher, which is imple¬ 
mented on yet another processor. The 
matcher attempts to register models with 
the labeled features and computes new 
positions as well as errors in the fitting pro¬ 
cess. These are sent to the modeling mod¬ 
ules along with any unexpected features, 
which are grouped into tentative objects. 

There is also a prediction module, which 
constructs the expected features for future 
views, two modules to update the 
representations (one for the object-based 
representation and one for the spatial rep¬ 
resentation), and a feature-tracking mod¬ 
ule. A supervisory module has been 
designed but has not yet been integrated 
into the system. Its role will be to decide 


which sensors to use to best update the 
representations and where to concentrate 
processing efforts. It will also make sure 
that all the other modules are running cor¬ 
rectly. Finally, there is the path planning 
module, which interfaces with the robot 
controller. 

All the modules have been imple¬ 
mented, although some are not yet run¬ 
ning on the multi-microprocessor under 
GRAMPS. The whole system has 
nonetheless been run on real images, and 
data have been passed from module to 
module, in some cases using common 
memory and in others using serial or par¬ 
allel links. As the hardware difficulties 
inherent in running so many processors on 
the same backplane are overcome, more 
and more components of the system are 
being integrated into a uniform whole. 

Figure 6a shows a gray-scale image of a 
stack of objects. The system was given as 
input a description of the blocks and the 
position of the camera when it took the 
picture. Prediction was restricted to the 
corners of the parallelepiped in front of the 
pile and was able to reject corners that 
were occluded. The windows in Figure 6b 
show the predicted locations of corners, 
with numbers indicating their identities. 
Where corners were indeed found, crosses 
indicate their actual positions. Some of the 
corners were not found, since the predic¬ 
tion system assumes that gray-scale images 
will be processed and the feature extrac¬ 
tion was actually done on thresholded 


images. Thus, some features that would 
normally be extracted do not appear. Only 
those features in the silhouette of the 
object pile are visible. We have not 
attempted to remove the internal corners 
because we expect to use gray-scale images 
in the future and because the system is able 
to deal with the missing information. 
From the set of corners that were matched, 
a new position was computed for the 
object and fed back to the representations. 
A sequence of experiments was carried out 
to measure the convergence and accuracy 
of the three-dimensional pose-update 
algorithm. The pose is represented by rota¬ 
tion and tilt. In the experiments, rotation 
was always calculated within five degrees 
of the true value and tilt within three 
degrees. Convergence took two to three 
iterations in all cases and was well 
behaved. These results are presented in 
detail in the paper by Rutkowski, Benton, 
and Kent. 9 

The path planning system has been 
tested separately with a real robot. The 
volume of the robot gripper was approxi¬ 
mated as the union of fifteen spheres. Up 
to five block-shaped obstacles were placed 
arbitrarily on the robot’s workbench. 
Arbitrary start and goal points were then 
chosen. The system successfully found 
reasonable collision-free paths between all 
sets of start and goal points. However, 
only translation of the gripper was tested. 
Rotation of the gripper links has not yet 
been tested. 
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T he industrial robotics environ¬ 
ment is particularly well suited to 
the use of models of objects. 
More and more often, these models are 
available from CAD systems. However, 
there is an important question about the 
adequacy of most CAD systems as the sole 
source of model information for a sensory 
system. Many of the properties of objects 
that are needed for a sensory system are 
not typically represented in CAD systems. 
Often, the concept of an object is not very 
well defined. An object may be created 
merely as a coincidence of a set of surfaces 
or volumes rather than as an explicit entity 
with its own properties and attributes. 
Often, surface finish, surface markings, 
and even surface shape (for example, the 
pitch of a screw) are stored only as anno¬ 
tations. Some of these properties are essen¬ 
tial for recognizing and locating objects 
using a sensory system. 

The diversity of CAD systems, each 
based on very different primitive concepts, 
makes approaching the automatic model 
transfer problem difficult, especially in an 
environment in which the choice of the 
design system is not in the hands of the 
designers of the sensory system. The sys¬ 
tem described here does not provide the 
interfaces and additional information 
needed to use a CAD system directly but, 
at the same time, does not use any internal 
representations that cannot currently be 
extracted from a CAD system, albeit with 
the application of a certain amount of 
intelligence. 

The system described here is unique in 
its scope. It combines sensory processing, 
object and spatial representation, and path 
planning in a unified and integrated man¬ 
ner. It uses prediction-driven vision and 
sequences of intensity and range images to 
maintain an internal representation of the 
world. It uses this internal representation 
to answer questions about the world posed 
by the control system. These include ques¬ 
tions about path planning and questions 
about locating objects by name or 
position. 

Geometric models play a central role in 
performing the sensing, planning, and 
control. They are used for predicting fea¬ 
tures in the sensory data and for recogniz¬ 
ing sensory data, and they provide a 
vocabulary by means of which the control 
and sensory components can commu¬ 
nicate. 

The system has been successfully run 
with a number of sample inputs. Our cur¬ 
rent efforts are aimed at bringing up the 
entire system on a distributed processing 


system, building special hardware where 
necessary to allow operation in real time, 
and extending the capabilities of each of 
the components to encompass a wider 
class of objects and tasks. We will continue 
to focus on prediction-based techniques 
for sensory processing, making heavy use 
of a priori models of objects and of the 
coherency and continuity exhibited by the 
real world. □ 
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Model-Based Strategy 
Planning for Recognizing 
Partially Occluded Parts 


Radu Horaud, LIFIA 
Thomas Skordas, D-LETI 


Recognizing partially 
occluded objects 
requires off-line 
modeling and 
planning, and runtime 
recognition. After 
deriving a customized 
method, we can 
compare recognition 
with and without 
off-line planning. 


R ecognizing partially occluded 
parts has great interest for 
automating batch manufacturing 
and thus has been an active research topic 
for the last decade. Initial work in the 
domain of object recognition has concen¬ 
trated on solving simple situations such as 
isolated parts lying on a planar surface: 
The parts can be recognized using binary 
images from which silhouettes are 
extracted and global features measured. A 
part is said to be recognized whenever a set 
of measured features matches a set of pre¬ 
stored features that best describes the part. 
This strategy supposes that the objects 
have been previously separated by 
mechanical devices such as shakers, bowl- 
feeders, conveyors, or other special- 
purpose arrangements. 

A universal solution to the problem of 
object separation based on a purely 
mechanical system does not seem to exist. 
Moreover, it would be economically 
expensive because every object requires the 
design of a specific mechanical configura¬ 
tion, and ill-adapted whenever an object 
needs to be manipulated with care. There¬ 
fore, a vision system capable of recogniz¬ 
ing parts when they touch or partially 
overlap each other could be very useful for 
achieving flexible automation. 

When parts overlap, image analysis 
becomes a much more complex process. 
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Since global features are not available 
from a partial view, we must consider local 
features. The identification of an object 
depends in general on some prominent fea¬ 
tures characterizing it. The absence from 
the image of one or more of these features 
due to occlusion or noisy data increases the 
difficulty of correct recognition, since hid¬ 
den components cannot guide the analy¬ 
sis. We must find alternative solutions. 
Finally, there is no one-to-one correspon¬ 
dence between image and object features. 
We must build and search an interpreta¬ 
tion space for possible solutions: image-to- 
object matches. 

Several object recognition systems cop¬ 
ing with partially hidden objects have 
already been developed. The best perform¬ 
ing ones are model-based: they match 
observed local features to stored models. 
The basic differences between these sys¬ 
tems are the type of object representations 
they employ and the matching strategies 
they apply. 

A first approach consists of describing 
the shape of an object boundary in terms 
of a one-dimensional function and of 
matching this description with pieces of 
contours extracted from an image. 1 ' 2 It 
identifies objects in terms of a few salient 
features in the shapes of their boundaries. 
This approach is powerful only in the case 
where there exist specific boundary fea- 
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tures that allow us to distinguish one 
object from another one. It does not 
explore the full range of information avail¬ 
able with feature combinations. 

A second approach consists of consid¬ 
ering simple generic features such as 
straight lines and circular arcs. These fea¬ 
tures well suit describing a wide range of 
shapes. Each shape is characterized by its 
intrinsic feature parameters and by the 
mutual relationships between features. 
Many systems have based their matching 
strategy on this type of description. 3 6 We 
can paraphrase such a strategy as follows: 

• Locate a distinctive feature of the 
object to be found; 

• use the feature’s position to suggest 
where to look for a second feature to verify 
the first; and 

• use the two features to predict a third 
feature which, together with the first two, 
completely constrains the position and 
orientation of the object. 

Since some of the predicted features 
may not be visible, we must provide alter¬ 
natives. Therefore, a complete strategy 
consists of an ordered list of features, with 
each feature having two sets of deductions, 
one to be made if the feature is found and 
the other if it is not. The process of recog¬ 
nizing and locating an object is thus a tree 
search. 

A key to the success of a strategy like 
this is the off-line modeling and planning: 
the selection, classification, and ordering 
of those object features to be considered 
at each stage of the search. The work 
reported herein concentrates on automatic 
techniques for performing this planning, 
given a geometric database describing the 
objects we want to locate and identify. We 
also attempt to determine the criteria for 
asserting that an object has been correctly 
identified and located; we can use the 
criteria as a heuristic for reducing the com¬ 
binatorial explosion of the search space. 

The task of recognizing an object in a 
random position and orientation is not 
trivial. Generally an object has six degrees 
of freedom associated with it: three rota¬ 
tions and three translations. If an object 
is constrained to lie on a planar horizon¬ 
tal surface (on a tabletop, for example) in 
a stable position, three degrees of freedom 
remain to be determined: one rotation and 
two translations. In this article we con¬ 
strain the image plane to be parallel to the 
tabletop. This reduces distortion of scene 
features by the perspective effect inherent 
with the image formation process. For the 
more general case see Horaud. 7 


Related work 

Previous approaches to object recogni¬ 
tion have concentrated on the runtime sys¬ 
tem and not on the off-line planning. The 
LFF system 3 is the only system we know 
of that performs off-line planning in con¬ 
junction with a search strategy. However, 
LFF cannot derive stable positions and 2D 
silhouettes associated with them from a 
general-purpose 3D modeling system. 

The 3DPO system 6 locates objects in 
range data. Range data are less ambiguous 
than intensity data because they directly 
encode the geometry of the scene. Simi¬ 
larly, the LFF system deals with binary 
images that keep the image edge descrip¬ 
tion as simple as possible. Therefore, the 
graph search associated with either range 
or binary images is less complex than the 
one associated with grey-level images. A 
certain number of heuristics that did not 
appear important with range and binary 
images become crucial if intensity data are 
to be properly interpreted. 


The modeling system 

A modeling system should enable us to 
construct models for a large variety of 
industrial parts and enable vision 
algorithms to recognize them. No single 
representation scheme can efficiently sup¬ 
port these two basic requirements. A 
modeling system, to be powerful, should 
contain multiple representations of 
objects. 8 

Computer-aided design (CAD) systems 
have facilitated the construction and 
visualization of objects. Although these 
systems are potentially very powerful since 
they embed a lot of implicit (computable) 
information, they do not contain in an 
explicit form the geometrical and topolog¬ 
ical properties useful for recognition and 
positioning. A vision-oriented representa¬ 
tion must contain explicit lists of these 
properties and must express relationships 
between object features. It must be able, 
for example, to rapidly provide answers to 
questions such as 

• How many features of a certain type 
or size does the model include? 

• Which is the local configuration of a 
specific feature, i.e., which are its nearby 
features? 

• Which are the sets of simultaneously 
visible features? 

In order to meet the above require¬ 
ments, we have implemented a two-part 


extended CAD model representation: a 
standard geometric model and a vision- 
oriented model. 

The standard geometric model. The 

standard CAD geometric model contains 
a volumetric description (solid modeling), 
a surface-edge-vertex description (bound¬ 
ary representation), and a network of 
pointers linking topologically connected 
features. 

The volumetric description is a binary 
tree representing elementary primitives 
(the leaves of the tree) together with the 
Boolean operations and rigid transforms 
that allow construction of the solid model 
(the root of the tree). This representation, 
known as constructive solid geometry 
(CSG), has been described elsewhere 8 ; it 
is a basic component of many geometric 
modeling systems. 

In our implementation, each volume 
primitive has associated with it a planar 
patch description, which is an exact 
description for polyhedra (parallelepipeds, 
pyramids, etc.) for which the patches are 
the faces themselves and an approximate 
description for primitives bounded by 
curved surfaces (cylinders, cones, and 
spheres). In the latter case, each surface 
type has an associated planar patch 
approximation algorithm that facilitates 
the boundary evaluation process. Indeed, 
a keystone component of any boundary 
evaluation method is the computation of 
surface intersections. 

The complex problem of computing the 
intersection of two quadrics reduces to the 
problem of computing the intersection of 
two sets of polygons, a polygon being 
associated with a planar patch and a set of 
planar patches being associated with each 
quadric surface. 

The resulting boundary representation 
is a description in terms of a surface list, 
an edge list, and a vertex list. Within these 
lists, each feature (surface, edge, or vertex) 
has a property list as well as a set of 
pointers linking it to topologically con¬ 
nected features. For example, associated 
with each surface is a list of edges bound¬ 
ing this surface. 

The vision-oriented model. The vision- 
oriented model component of the two-part 
extended CAD representation requires 
every boundary feature to be explicitly 
listed under several classifications and 
evaluated as to its expected utility. For 
example, a linear edge appears in the two 
lists describing the edges bounding the two 
surfaces that meet and form this edge, in 
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the list of all edges and their parameters, 
in the two lists describing the two vertices 
delimiting the edge, and possibly in such 
lists as parallel or colinear edges, edges 
forming angles of the same value, edges 
with similar length, simultaneously visible 
edges, and so forth. 

The derivation of these property lists is 
straightforward, with the exception of the 
lists of simultaneously visible features. In 
general, a set of simultaneously visible fea¬ 
tures is constrained by the geometry of the 
object and by the orientation of the image 
plane (the camera) relative to this object. 
Existing methods for determining such sets 
make use of hidden surface elimination 
algorithms. We can produce a list of visi¬ 
ble features (or potentially visible features) 
for each orientation of the image plane in 
an object-centered frame where we 
properly sampled the space of possible 
orientations. Goad included such a proce¬ 
dure in a model-based recognition 
system. 9 

In our case, we constrained the object to 
lie on a horizontal plane. Therefore, we 
can associate a list of potentially visible 
features with each stable position of the 
object on the premise that the object’s sta¬ 
ble positions can be predicted. An object 
model (and not the physical object that it 
describes) has a finite number of stable 
positions. This is a direct consequence of 
the fact that curved surfaces have been 
approximated by planar patches, hence 
any object is treated as a polyhedron with 
a finite number of planar faces. A practi¬ 
cal algorithm for computing the stable 
positions of a polyhedron is described 
below. 

If we know the orientation of the cam¬ 
era relative to the tabletop in advance, we 
can further constrain the list of potentially 
visible features associated with every sta¬ 
ble position. The task of the runtime sys¬ 
tem now reduces to hypothesizing a stable 
position (equivalent to matching a set of 
image features to a set of object features), 
computing the missing rotation and trans¬ 
lations, and verifying (counting) how 
many predicted visible features are actu¬ 
ally present in the image. 

To sum up, the vision-oriented model 
has to include a list of all the stable posi¬ 
tions of the object. We produce such a list 
as follows: 

An object model may lie on any of the 
faces associated with its convex hull. The 
convex hull is a polyhedron containing 
among its faces all the object’s convex 
faces. A convex face is such that the object 


must lie on one side of the plane defined 
by this face. Therefore, we first determine 
such a convex hull. The problem now 
reduces to determining the stable positions 
of the convex hull. Each one of its faces is 
constrained to lie flat on the tabletop; this 
constraint determines a potential stable 
position. The system verifies this stability 
by projecting the center of gravity of the 
object down onto the table and checking 
whether it falls within the boundaries of 
the supporting face. For an accepted sta¬ 
ble position and for each possible viewing 
direction, the system establishes a list of 
visible features. 

Figure 1 shows the global architecture of 
the modeling system including the three 
main representations: volumetric (solid), 
boundary, and the list of stable positions. 
Figure 2 shows a view of an object model 
(a), a view of the same object in one sta¬ 
ble position (b), and a view of the object 
in the second stable position (c). 


The planning system 

The goal of the planning system is to 
derive a customized object representation 
from the general-purpose representation 
provided by the extended CAD model. For 
example, the task of recognizing an object 
with one stable position is quite different 
from the task of recognizing one with 
many stable positions. In the first case, 
only a list of features has to be determined 
and no a priori importance is given to a 
specific feature. In the latter case, it would 
be interesting to determine in advance 
which features best suit rapidly predicting 
a stable position. If the object has a three- 
centimeter circular hole on each one of its 
faces, this feature does not help recogni¬ 
tion because the system cannot dis¬ 
criminate between the various faces of the 
object. We are interested in developing an 
algorithm that analyzes the object model 
and finds the object features best suited for 
a specific visual task. 

Let us describe briefly what we mean by 
object recognition. It is a process that 
establishes a set of image-to-model cor¬ 
respondences. Both the model and the 
image are described in terms of the same 
features, namely edge segments such as 
straight lines and circular arcs. An image- 
feature-to-model-feature assignment is 
produced on the basis of similarity of their 
properties. Two such assignments are said 
to be mutually consistent if the relative 
position and orientation of the two model 


features are the same as the relative posi¬ 
tion and orientation of the two cor¬ 
responding image features. Hence, 
looking for an image-to-model correspon¬ 
dence is equivalent to seeking sets of mutu¬ 
ally consistent image-feature-to-model- 
feature assignments. This recognition pro¬ 
cess, as we will see, not only assigns an 
object model to a set of image features, but 
also determines the parameters of the rota¬ 
tional and translational transform that 
allow this object to overlap onto the image 
features, i.e., the camera-to-object 
transform. 

Unfortunately, an image-to-model fea¬ 
ture assignment is inherently ambiguous: 
Not only does an object have many simi¬ 
lar features, these features may appear 
many times in the image. Object recogni¬ 
tion based on feature-to-feature cor¬ 
respondence is therefore a search process. 

The set of correspondences described 
above can be conveniently mapped into a 
graph representation. 10 ' 3 A node in this 
graph represents an image-feature-to- 
model-feature assignment. An arc links 
two nodes whenever they represent two 
mutually consistent assignments. A clique 
in this graph is a completely connected 
subgraph, i.e., each node in the clique con¬ 
nects directly to all the other nodes in this 
clique. A maximal clique is a clique that 
cannot be extended to include other nodes 
of the graph. We can interpret a maximal 
clique as an instance of an image object. 

Several algorithms locate maximal 
cliques in an undirected graph, including 
the one used by Bolles and Cain. 3 First we 
build the graph, and second, we perform 
an exhaustive search in order to make sure 
that we find all the maximal cliques. The 
largest maximal clique corresponds to the 
best available solution. Since the planning 
system may provide knowledge that can 
speed up the search, we need an algorithm 
that avoids systematic recourse to exhaus¬ 
tive search. Consider the following exam¬ 
ple. At some point of the search a new 
node is sought for inclusion in a clique. If 
the feature corresponding to this assign¬ 
ment does not increase the knowledge 
about the current match, or if this feature 
is very unlikely to occur in the image, or if 
it has many image assignments, it is prob¬ 
ably too costly to include this node. 

In order to overcome these difficulties, 
we use a hypothesize-and-test strategy 
implemented as a depth-first tree search 
(see also Bolles and Horaud, 6 Goad, 9 and 
Horaud 7 ). We use a few nodes (one or 
two) to generate a hypothesis (a clique), 
then consider other nodes one at a time. If 
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a new node is considered beneficial and if 
it verifies the current hypothesis, the clique 
is extended. Otherwise, the algorithm 
backtracks to the last choice point. A 
choice point arises whenever a model fea¬ 
ture has more than one image feature 
assignment. Since the features are not con¬ 
sidered at random but according to their 
expected utility, we can abandon the 
search whenever a set of model features, 
even if not the largest maximal clique, 
defines with no ambiguity an object’s 
appearance and its locational parameters. 
The tree is thus generated dynamically as 
the search goes on. It is important to make 
a clear distinction between the (graph) 
definition of a maximal clique and a par¬ 
ticular algorithm that detects maximal 
cliques. 

To summarize, in order to make the 
runtime tree search more efficient, the 
planning system should be able to provide 
answers to the following questions: 

(1) How many features do we need to 
generate a hypothesis? 

(2) Which criteria classify the features 
from the most useful to the least dis¬ 
tinctive? 

(3) Which features are the most useful 
for each specific subtask: object recogni¬ 
tion and pose (position and orientation) 
determination? 

A three-dimensional object has six 
degrees of freedom: three rotations and 
three translations. Since the object is con¬ 
strained to lie on a flat horizontal surface, 
three degrees of freedom remain to be 
determined: two translations and one rota¬ 
tion whose axis is perpendicular to the 
horizontal surface (the other two rotations 
and one translation being determined for 
each stable position and for a fixed 
camera-to-table transform). 



Figure 1. The architecture of the modeling system. 
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Consider now that a model linear seg¬ 
ment is assigned to an image straight line. 
In practice, this is equivalent to moving the 
object model (rotating and translating the 
object) until the linear segment overlaps 
the image line. This will determine the 
rotation up to 180 degrees and the two 
translations. However, since an object 
may be partially occluded, some features 
are only partially visible. Bad lighting and 


preprocessing imperfections may cause the 
disintegration of one scene feature into 
several small image features. This means 
that we cannot reliably measure the length 
of the image line. We can determine one 
translation and one rotation exactly and 
estimate bounds on the second translation 
from an image-line-to-model-line assign¬ 
ment. Similar considerations lead to the 
conclusion that an image-arc-to-model-arc 


assignment determines two translations 
and leaves the rotation unknown. 
Nevertheless, the arcs should be consid¬ 
ered first because they have one more 
intrinsic parameter than the lines, namely 
the radius. 

To sum up, any two features (two lines, 
two arcs, or a line and an arc) not tied into 
a specific configuration such as concentric 
circles or parallel lines are sufficient for 
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Figure 3. An example of the recognition strategy on a grey-level image. 
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generating a hypothesis. However, the 
configurations mentioned above (parallel 
and/or concentric features) may be very 
useful because their presence in the image 
confirms or denies a hypothesis without 
ambiguity. 

We have implemented an algorithm that 
performs feature classification. A stable 
position of an object is characterized by a 
list of simultaneously visible features. 
First, decompose this list into four sublists: 

• A sublist of circular edges (SList 1) 
and a sublist of linear edges (SList 2) visi¬ 
ble for this stable position and hidden for 
the other stable positions. 

• A sublist of circular edges (SList 3) 
and a sublist of linear edges (SList 4) visi¬ 
ble for several stable positions including 
the stable position under consideration. 
Second, score each feature within each 
such list according to the following 
criteria: 

• Uniqueness: The features and feature 
configurations less frequent in the model 
are ranked first. Very often a stable posi¬ 
tion is characterized by a unique feature 
configuration. For example, a circle of 
radius three centimeters may appear on 
many faces, but such a configuration as 
two concentric circles, one of radius three 
centimeters and one of radius five cen¬ 
timeters, appears on one face only. 

• Likelihood of being seen: Long lines 
are more likely to be seen in the image. 
Whole circles are more reliable than short 
circular arcs. Convex edges are more likely 
to be detected than concave ones. 

• Discriminating power: Circular arcs 
have one more intrinsic parameter than 
lines—their radius. In theory, the radius of 
an image arc is independent of how much 
of the arc is actually seen. In practice, 
longer arcs are more reliable than short 
ones because the reliability of the least 
squares criterion used for approximating 
a set of edge points increases with the num¬ 
ber of approximated data points. 


The runtime system 

The runtime system comprises two 
processes: image segmentation and image- 
to-object matching. We use standard 
methods for performing edge detection, 
linking, and segmentation. The straight 
lines and circular arcs thus detected are 
further classified according to their 
expected utility. The criteria used for this 
runtime classification are the same as the 
ones used for off-line planning. 


Table 1. The results of recognition with planning. 


Hypothesis 

Expanded Nodes 

Matched Features 

CPU 

Decision 

1 

655 

8 

1.38 

Rejected 

2 

70 

10 

0.14 

Accepted 

3 

108 

7 

0.30 

Rejected 

4 

89 

10 

0.15 

Accepted 

Total 

922 

- 

1.98 
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Next, we seek image-to-object matches 
using a tree search procedure. This 
strategy embeds a standard hypothesize- 
predict-verify-update loop implemented as 
a depth-first tree search. The hypothesize 
step selects two mutually consistent image- 
feature-to-model-feature assignments not 
yet considered. This two-node clique 
determines a stable position and the miss¬ 
ing parameters (one rotation and two 
translations). Hence, there is a list of visi¬ 
ble model features associated with the cur¬ 
rent hypothesis as well as an 
object-to-camera transform. If the object- 
to-camera transform associated with the 
current hypothesis equals any of the 
already considered hypotheses (whether 
they failed or not), the current hypothesis 
is rejected and a new one is generated. 

The predict step considers a visible 
model feature not yet included in a match 
and considered beneficial by the off-line 
planning—next in the hierarchical order¬ 
ing of the lists of visible features. The 
verify step projects the predicted model 
feature onto the image using the object-to- 
camera transform available with the cur¬ 
rent hypothesis and checks the list of image 
features to see whether any has the 
predicted qualities. If such a feature is 
found, the update step uses its image posi¬ 
tion to refine the parameters of the current 
hypothesis and the current clique is 
expanded to include this new node. If such 
a feature is not found, the algorithm back¬ 
tracks to the last choice point. 

We have implemented a certain number 
of heuristics asserting either that an object 
has been found or that an object cannot be 
associated reliably with the current 
hypothesis. In either situation, we aban¬ 
don the search and generate a new 
hypothesis. 

Let Abe the number of visible features 
associated with a stable position being 
hypothesized and tested. One way to 
evaluate the match is to compare the size 
of the clique with the size of the minimum 
set of features that we need to detect in 
order to assert that we have found a stable 
position. Let M be the size of this mini¬ 


mum set. We have M < A. It is quite dif¬ 
ficult to evaluate Manalytically. In all our 
experiments we set M = A/2. 

Another criterion for evaluating a 
match is an error measure between image 
and model features: 


where m, is the length (the arc length for a 
circular arc) of a model feature, /, is the 
length of the image feature assigned to the 
model feature within a match, and n is the 
size of the clique (the number of nodes in 
the match). 

The heuristic for accepting a match 
requires that n is greater than or equal to 
A/and that the error measure is less than 
an allowed tolerance. The heuristic for 
rejecting a match follows: If, at any stage 
of the search, the number of nodes in the 
current match (n) augmented by the num¬ 
ber of model features that remain to be 
verified is smaller than M, the search is 
abandoned. 

Experimental results 

The recognition strategy described 
above has been applied to the image of Fig¬ 
ure 3a. The edges (b) are approximated by 
circular arcs (c) and straight lines (d). Two 
selected image features (e) are used to 
generate the first hypothesis (f), which is 
rejected after expanding 655 nodes. The 
next two image features (g) generate the 
second hypothesis (h), which is accepted 
after expanding 70 nodes. Two new image 
features are selected (i). A third hypothe¬ 
sis (j) is rejected, while a fourth hypothe¬ 
sis is accepted (k). Finally, the system 
correctly recognized two objects (1). 

Table 1 summarizes the experimental 
results obtained using off-line planning. 
For each generated hypothesis, Table 1 
indicates the number of expanded nodes, 
the number of matched features, and the 
CPU time (in seconds) on a VAX 11/780. 
The time estimates do not include low-level 
image segmentation. 
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Table 2. First image: recognition with and without planning. 


Example 1 

Hypotheses 

Expanded Nodes 

Detected Objects 

CPU 

With Planning 

4 

922 

2 

1.98 

No Planning 

6 

2326 

2 

4.89 

Table 3. Second 

image: recognition with and without planning. 


Example 2 

Hypotheses 

Expanded Nodes 

Detected Objects 

CPU 

With Planning 

16 

1423 

3 

3.14 

No Planning 

15 

1404 

3 

3.13 

Table 4. Third image: recognition with and without planning. 

Example 3 

Hypotheses 

Expanded Nodes 

Detected Objects 

CPU 

With Planning 

23 

8125 

3 (one mismatch) 

15.17 

No Planning 

37 

14389 

3 (two mismatches) 

29.59 


Table 2 compares the global results of 
recognizing the objects of Figure 3 in the 
presence of off-line planning with the 
results obtained with the same runtime 
strategy omitting the planning process. In 
this case, the planning increases the speed 
of the recognition by a factor of 2.5. 

The recognition strategy has been tested 
on many different objects. Figure 4a 
shows three overlapping parts and Figure 
4b shows the result of recognition. In this 
case, the global results are almost the same 
with or without planning (see Table 3). 
This is explained by the fact that the fea¬ 
tures allowing one face to be distinguished 
from the other are less likely to be seen in 
the image than the features that are iden¬ 
tical for both faces. 

The results obtained with the last exam¬ 
ple (Figure 4c and 4d) are shown in Table 
4. Here again the planning procedure 
increases the speed of recognition by a fac¬ 
tor of 2. 


In this last example, the algorithm cor¬ 
rectly found two objects and misinter¬ 
preted the third one: the locational 
parameters are correct, but the stable posi¬ 
tion is not. This occurs because, first, the 
two stable positions exhibit almost the 
same feature configurations and, second, 
the recognition process is a trade-off 
between the ability to make a quick deci¬ 
sion and the correctness of this decision. 
In the case of an exhaustive search, cor¬ 
rectness is maximal, but the computation 
time lies well beyond acceptable limits. 

A ny model-based vision system 
confronts the combinatorial 
explosion of its search space. 
This is an inherent problem with this 
approach. We believe that “image feature 
grouping” is the key to an efficient reduc¬ 
tion of the search space, and we plan to 
investigate general-purpose feature group¬ 
ing techniques. 


In the future we plan to implement 
models of more objects and to evaluate 
our system more deeply. However, we do 
not believe that a single technique will be 
general enough to recognize a large class 
of objects efficiently. For this reason our 
system and other systems, such as LFF, 3 
Hyper, 5 and 3DP0 6 complement each 
other. □ 


References 

1. W. A. Perkins, “A Model-based Vision Sys¬ 
tem for Industrial Parts,” IEEE Trans. 
Computers, Feb. 1978, Silver Springs, Md., 
pp. 126-143. 

2. J.L. Turney, T.N. Mudge, andR.A. Volz, 
“Recognizing Partially Occluded Parts,” 
IEEE Trans. Pattern Analysis and Machine 
Intelligence, July 1985, Silver Springs, Md., 
pp. 410-421. 

3. R.C. Bolles and R.A. Cain, “Recognizing 
and Locating Partially Visible Objects: The 
Local-Feature-Focus Method,” Int’l J. 
Robotics Research, Fall 1982, MIT Press, 
Cambridge, Mass., pp. 57-82. 

4. P. Rummel and W. Beutel, “Workpiece 
Recognition and Inspection by a Model- 
based Scene Analysis System,” Pattern 
Recognition, Pergamon Press, Elmsford, 
N.Y., 1984, pp. 141-148. 

5. N. Ayache and O.D. Faugeras, “Hyper: A 
New Approach for the Recognition and 
Positioning of Two-Dimensional Objects,” 
IEEE Trans. Pattern Analysis and Machine 
Intelligence, Jan. 1986, Silver Springs, Md., 
pp. 44-54. 

6. R.C. Bolles and R. Horaud, “3DPO: A 
Three-Dimensional Part Orientation Sys¬ 
tem,” Int’l J. Robotics Research, Fall 1986, 
MIT Press, Cambridge, Mass., pp. 3-26. 

7. R. Horaud, “New Methods for Matching 
3D Objects with Single Perspective Views,” 
IEEE Trans. Pattern Analysis and Machine 
Intelligence, May 1987, Silver Springs, Md., 
pp. 401-412. 

8. C.M. Brown, “Some Mathematical and 
Representational Aspects of Solid Model¬ 
ing,” IEEE Trans. Pattern Analysis and 
Machine Intelligence, July 1981, Silver 
Springs, Md., pp. 444-453. 



Figure 4. Two more examples. 


64 


COMPUTER 






















9. C. Goad, “Special Purpose Automatic Pro¬ 
gramming for 3D Model-based Vision,” 
Proc. Image Understanding Workshop , 
June 1983, Science Applications Inc., 
DARPA, Arlington, Va., pp. 94-104. 

10. R.C. Bolles, “Robust Feature Matching 
Through Maximal Cliques,” Proc. SPIE 
Technical Symp. Imaging Applied to Auto¬ 
mated Industrial Inspection and Assembly , 
April 1979, Washington, D.C. 



Radu Horaud is currently a research scientist at 
the Laboratoire d’lnformatique Fondamentale 
et d’lntelligence Artificielle (LIFIA) in Greno¬ 
ble. At the moment his research interests include 
computer vision, computational geometry, 3D 
object recognition and modeling. 

Horaud received both the Diplome 
d’ingenieur and the Diplome de docteur- 
ingenieur from the Ecole Nationale Superieure 
d’Ing6nieurs Electriciens de Grenoble, France, 
in 1977 and 1981, respectively. He spent two 
years as an International Fellow at SRI Interna¬ 
tional in the robotics department. 



Thomas Skordas has since 1985 been with the 
Laboratoire d’Electronique et de Technologie 
de l’lnformatique (LETI) in Grenoble, France. 
His current research interests include computer 
vision and graph theory. 

Skordas received the Diploma in Electrical 
Engineering from the University of Salonica, 
Greece, in 1984. He is currently preparing a doc¬ 
torate degree in computer science at the Institut 
National Polytechnique de Grenoble. 

Readers may write to Horaud at LIFIA, BP 
68,38402 Saint-Martin d’Heres, Cedex, Greno¬ 
ble, France. Readers may write to Skordas at D- 
LETI, Ave. des Martyrs, 85X, 38041 Grenoble, 
France. 



August 1987 






CAD Model-Based 
Localization of Parts 
in Manufacturing 


Kristjan T. Gunnarsson and Friedrich B. Prinz 
Carnegie Mellon University 


We need automatic 
part localization in 
flexible manufacturing. 
One method of 
achieving it uses a 
CAD model and 
sparse data. 


W e present a solution to the 
problem of determining the 
location of a part in a robotic 
manufacturing situation. The problem is 
solved by matching a database surface 
description of the part with discrete points 
measured on its surface. The matching is 
accomplished through the calculation of a 
transformation. The transformation 
specifies the position and orientation of 
the part as it appears in front of the robot. 
The method was developed for use in flex¬ 
ible manufacturing where low precision, 
general purpose fixtures, and positioners 
are employed. Knowledge of the approx¬ 
imate location of the part is used. In a typi¬ 
cal application the uncertainty in the 
location of the part is small relative to the 
dimensions of the part, but more than an 
order of magnitude greater than the toler¬ 
ances allowed by the manufacturing 
operation. 

The introduction of a robot into a man¬ 
ufacturing process requires an investment 
in time and effort to program the robot. 
Consequently, industrial robots have 
found use in large-batch manufacturing 
such as the automotive industry, where a 
large volume of identical parts justifies the 
initial outlays for programming. Profita¬ 
ble deployment of robots in small-batch 
manufacturing demands a high degree of 
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flexibility with respect to the tasks the 
robot performs and adaptability to 
changes in the robot’s environment. How¬ 
ever, with flexibility comes uncertainty. 
The cost of precision fixtures precludes 
them from small-batch manufacturing. 
The robot must be equipped with intelli¬ 
gence that allows it to adjust to the loca¬ 
tion of the parts in its environment. 

A human laborer can easily cope with 
the randomness of the factory environ¬ 
ment. He will either pick up or approach 
the parts wherever they may be. The parts 
are generally not placed precisely in the 
same location every time, but randomly 
placed within a certain area. A dumb weld¬ 
ing robot will attempt to weld the parts in 
precisely the same location every time, i.e. 
the programmed location. If the part is not 
precisely at that location, the robot will not 
weld properly; if the part is missing 
altogether, the robot will still attempt to 
weld, and will weld in thin air. 

A robot able to determine the location 
of production parts in its working enve¬ 
lope significantly expands the scope of 
tasks and manufacturing situations in 
which it works. Set-up time and costs for 
a production run are reduced because the 
design and construction of precision fix¬ 
tures is eliminated. In general, the need to 
tailor the environment precisely to the 
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robot is relaxed because the robot can 
adapt to its environment. 


Part localization 

Part localization refers to the problem 
of determining the position and orienta¬ 
tion of an object. Referring to Figure 1, 
localizing a part means being able to 
answer the following question: What are 
the Cartesian coordinates of any specified 
point on the part in the robot’s world 
frame? In robotic manufacturing, the part 
location must be determined or assumed 
before an operation can be accomplished. 
In drilling, for example, holes cannot be 
placed accurately unless the part’s position 
is known; long holes may be incorrectly 
angled if the part’s orientation is not 
known. 

To answer this question, all points on 
the part must be known. A CAD database 
description of the surface of the part sup¬ 
plies this information. Associated with the 
CAD database description is a coordinate 
frame referred to as the CAD or part 
frame; this is the frame in which the part 
has been designed and viewed on the 
screen of a CAD station (see Figure 1). 
However, the location of the part, and the 
CAD frame, in the robot’s world frame 


depends on where the part is placed in 
front of the robot. The location of the 
CAD frame in the world frame is given by 
the transformation, T/, which is repre¬ 
sented by a 4 x 4 homogeneous matrix of 
the form 



The column vectors of T/, n, o, and a, 
specify the orientations of the CAD 
frame’s unit vectors in the world frame, 
and the column vector t specifies the ori¬ 
gin of the CAD frame in the world frame. 
If x is some point on the part expressed in 
the CAD frame, then T,x is the same 
point in the world frame. 

If the location of the CAD frame is 
uncertain, points must be measured on the 
part’s surface as it appears in front of the 
robot. By mathematically matching the 
CAD database description of the part with 
the measured points we can find the loca¬ 
tion of the part. The objective of the 
matching is to transform the CAD frame 
into the robot’s world frame and thereby 
determine T,. The only information 
needed from the database are the equa¬ 
tions of the surface of the part. A CAD 


database may contain information about 
the edges, vertices, and volumes of a part, 
but we don’t need this information 
because no attempt is made to measure 
edges, vertices, etc. In summary, localiza¬ 
tion requires a CAD database surface 
description of the part, measurement of 
surface points on the actual part, and 
matching the two. 

The database description is assumed 
complete in the sense that every point on 
the part’s surface is accounted for. How¬ 
ever, a part can be localized with only six 
measured points. The measured data is 
considered sparse when 6 to, say, 60 points 
are measured. This is frequently the case 
if tactile position sensing is used. However, 
when machine vision and laser ranging sys¬ 
tems gather hundreds of data points, the 
data is called dense. Many optical systems 
are highly suitable for part localization 
applications because of their speed and 
accuracy, and dense data can be reduced 
to sparse data. The method described in 
this article was developed for sparse data, 
but is equally suitable for tactile and non- 
tactile (optical and ultrasonic) sensing. For 
example, a simple tactile sensor used for 
part localization uses electrical contact 
between the electrode of an arc welding 
torch and the workpiece. 

Part localization has primarily been 
studied by researchers working in the areas 
of machine vision and scene analysis.' 
Although these technologies are not neces¬ 
sarily intended for application in manufac¬ 
turing, they have nevertheless found use 
there. The two principal objectives in scene 
analysis are recognition of the objects 
making up the scene and composition of 
a general description of the scene. 2 
Accurate localization of the objects in the 
scene is a secondary consideration in many 
instances. In manufacturing applications 
of machine vision, part localization is 
important and thus has received consider¬ 
able attention. 3 Part localization methods 
developed by machine vision scientists are 
based primarily on the use of dense data, 
because the nature of vision sensing is to 
gather large amounts of data. 4,5 Sparse 
data methods invented by vision 
scientists 6 usually include the reduction of 
the original dense data as a first stage. 

The method described in this article 
differs in many respects from machine 
vision methods. A primary function of 
scene analysis algorithms is identification 
and recognition of the constituent objects 
of the scene. Here, we assume that the part 
to be localized is known. This assumption 
is iustified in most manufacturing situa- 
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tions. The emphasis in our method is on 
accurate localization and sparse data. The 
method does not require estimation of sur¬ 
face normals nor calculation of the surface 
of the part. 

Applications of 
part localization 

Part localization is needed in various 
robotic manufacturing situations. In 
mechanical assembly, tight-fitting parts 
cannot be assembled unless their relative 
positions and orientations are known. Suc¬ 
cessful grasping depends on knowing the 
accurate orientation of a part prior to 
attempting the grasp. Mechanical compli¬ 
ance only reduces the needed localization 
accuracy. In robotic arc welding, for 
example, the welding torch must be posi¬ 
tioned accurately in the weld groove. In 
gas-metal-arc welding (GMAW), the 
cross-seam positioning uncertainty must 
not be worse than the diameter of the elec¬ 
trode. Normal to the seam, the accuracy 
must be even greater. Failure to accurately 
position the torch produces a defective 
weldment and may possibly damage or 
destroy the welding torch. Gauge-free 
inspection directly measures key points on 
the surface of a manufactured part, to 
check dimensional integrity as specified by 
the design. The part is matched with a pro¬ 
totype or a database by measuring cor¬ 
responding points, both on the part and in 
the reference description. However, the 
part location must be known before a 
prescribed point on the part can be 
measured. 

The general solution to the localization 
problem is to avoid it by use of dedicated 
fixtures or specialized machinery. This 
solution is not economically justified in 
small-batch and flexible manufacturing, 
where general-purpose fixtures are used. 
The greater flexibility of such fixtures is 
obtained at the expense of accuracy; parts 
of various shapes and sizes can be fixed in 
them, but none can be positioned 
accurately. 

Part-localization methods have an 
important application in connection with 
model-based off-line programming of 
robots. The alternative to off-line pro¬ 
gramming is teach-by-doing, where the 
robot arm is physically led through the 
motions of the task and points along its 
trajectory are stored in the controller’s 
memory. Robots are used to their best 
advantage when programmed off-line, 


irrespective of the manufacturing task, be 
it part handling, welding, or inspection. 
Unlike the teach-by-doing mode, model- 
based off-line programming does not 
require the physical use of a robot and 
part, and production is not disrupted. 
With off-line programming, a CAD data¬ 
base description of the part is used to plan 
the motion of the robot. For instance, in 
the case of flame cutting or deburring, the 
path over which the robot must carry the 
tool and its orientation are calculated from 
the database description of the part’s sur¬ 
face. A kinematic model is then used to 
calculate the joint motions of the robot, or 
the robot is programmed directly in world 
coordinates. 

Part localization is essential for off-line 
programming to be effective. The com- 


Robots are used to 
their best advantage 
when programmed 
off-line. 


plete tool path and orientation relative to 
the part are calculated off-line. However, 
the position and orientation of the path as 
a whole depend on the actual location of 
the part as it appears on the factory floor 
in front of the robot. This situation is 
demonstrated in Figure 1. The part, and 
consequently the tool path and tool orien¬ 
tation, is described in the CAD frame, 
which is independent of the part’s actual 
location, but the robot trajectory depends 
on the actual location of the part in its 
world frame. 

Assume that a task is specified by a 
sequence of Cartesian points, x,-, along the 
surface of a part; these are the points the 
robot tool must follow to carry out the 
task. If these points have been generated 
at a CAD station using a model of the part, 
then the trajectory points are specified in 
the CAD frame. (Notice that this task 
description is independent of the part’s 
actual location.) Normally, the parts are 
expected to appear in front of the robot in 
a planned location called the ideal location 
and specified by the transformation T, 
(see Figure 1). 

If a part now appears in the ideal loca¬ 
tion, then what are the robot’s trajectory 
points for the specified task? To answer 


this question, the points in the CAD frame 
must be transformed, or projected, into 
the robot’s world frame: 

% W i = T lX C AD, (2) 

where x C ad. are the task points specified 
in the CAlj frame, and x w are the cor¬ 
responding robot trajectory points in the 
robot’s world frame. 

In manufacturing situations where the 
location of a part is uncertain, the preced¬ 
ing procedure is likely to be inaccurate 
because the ideal location transformation 
T, may not refer to the actual part loca¬ 
tion. Referring to Figure 1, a part is shown 
in a location differing from the ideal loca¬ 
tion by the offset transformation T 0// . In 
this case, the true location transformation 
is given by the multiple of the ideal and off¬ 
set transformations, and the robot trajec¬ 
tory points are 

x Wj = T/T 0 f/x CAD . (3) 

The part localization method presented in 
this article determines the true location 
(transformation) of a part using its CAD 
database description and discrete mea¬ 
sured points on the actual part. 

The method just presented gives a robot 
the ability to adjust to different locations 
of the parts in its working envelope. Note 
that this procedure is not limited to model- 
based off-line programming. In fact, it is 
equally applicable to the teach-by-doing 
method. In this case, a robot has been 
taught a trajectory for a part in a specific 
location. If the next part is in a different 
location, its true location is found by a 
localization algorithm and the original 
trajectory is modified in a way similar to 
that shown above. 

Localization of 
polyhedra 

This section presents a solution for 
localization of a part with a surface made 
up of planar surface facets or patches. Past 
research has devoted considerable atten¬ 
tion to such surfaces, commonly encoun¬ 
tered in design and frequently used to 
model or approximate surfaces of modest 
curvature. 

Previous methods of localization have 
not only required the measurement of sur¬ 
face points, but also the local estimation 
of surface normals. 3,6 Local estimation of 
surface normals on a surface requires that 
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three points (or more) on a planar facet be 
measured. The local normal is calculated 
by passing a plane through the points; the 
normal of that plane becomes the local 
estimate of the surface normal. Although 
surface points must be measured on a part 
to indicate its location, local surface nor¬ 
mal estimation is not necessary. 

It is desirable to have a method of locali¬ 
zation that does not require local surface 
normal estimation. Local surface normal 
estimation is sensitive to random surface 
roughness and measurement uncertainties, 
which can lead to imprecise localization, 
but high localization accuracy is of major 
importance in most manufacturing appli¬ 
cations. 

Accurate surface normal estimation 
requires that the points used in calculating 
the normal be widely spaced over the sur¬ 
face facet to minimize the sensitivity to 
errors. Many points clustered together, 
which are readily obtained with optical 
sensing systems, are unsuitable. When 
only the approximate location of a part is 
known, reliable measurement of widely 
spaced points on a specific planar facet is 
difficult. Furthermore, measured points 
are often at a premium in manufacturing 
situations. This is especially true if tactile 
sensing is used. It must be possible to local¬ 
ize a part with a minimum number of 
points. 

We show a method for the localization 
of arbitrarily-shaped surfaces in a later sec¬ 
tion. This method is based on repeated 
polyhedral approximations of the curved 
surface. While the measurement of the 
surface normal of a plane is elementary in 
principle, the local estimation of the nor¬ 
mal of a curved surface is not. Therefore, 
it is desirable to have a localization method 
that does not require surface normals. 


Problem formulation. We will not pre¬ 
sent the mathematical details of localizing 
a part by means of a rigid body transfor¬ 
mation here. 5 Instead we discuss the basic 
ideas and formulations of the procedure. 

Assume that a polyhedron must be 
localized. Its CAD database description 
gives the equations of all of its planar 
facets, i.e. the set of m planar surface 
facets, S,(n 3 xi,dixi)i = 1,2,3,. . .,m. 
Each facet, S„ is characterized by its unit 
surface normal vector, n„ and the short¬ 
est distance from the facet to the origin d„ 
which is a scalar. This is the standard vec¬ 
torial representation of an unbounded 
plane. The normal vectors and shortest 
distances (n, and d,) are given in the CAD 



Figure 2. Illustration of the rotation and translation of a plane (shown in two 
dimensions) and the effect of these operations on the describing equation, where 
“a” is the untransformed state, “b” is the rotated state, and “c” is the rotated and 
translated state. 


frame. Points are measured on the surface 
of an actual part either by a robot- 
mounted, or a remote, sensor, and a set of 
discrete points, xj.j = 1, 2, . . ., m h is 
generated. These points are given in the 
robot’s world frame. The Cartesian point 
(vector) \j. denotes they'th point measured 
on the rth surface facet, and m t is the 
number of points measured on the rth 
facet. Note that the correspondence of 
every measured point to a specific facet is 
assumed known. Localizing the part then 
means finding a transformation that 
matches the planar surface facets with 
their corresponding points. 

In general, if a plane and a point are 
given it is a simple matter to check if the 
point lies in the plane. This is done by 
inserting the point into the equation for the 
plane: 

6 = n x - d (4) 

Expression 4 gives the distance, 6, of the 
point x from the given plane; if the point 
is in the plane, its distance to it is zero. A 
matching between the surface and the 


measured points can now be defined: 
Match the surface with the measured 
points by making the distances between the 
points and their corresponding surface 
facets zero, or as small as possible. This is 
a very natural definition of a matching. 
The mechanical task of inserting a peg in 
a hole can be viewed as the task of 
minimizing the distance between the sur¬ 
faces of the hole and peg, respectively. 

A matching has now been defined, but 
what instrument is available for affecting 
this matching? The answer is the localiza¬ 
tion transformation. The distances 
between the measured points and the sur¬ 
face will be made as small as possible by 
appropriately rotating and translating the 
CAD database surface. With reference to 
Figure 1, the localization method must 
answer the question of where to position 
the CAD frame in the robot’s world 
frame, and how to orient it. 

A rigid body transformation is com¬ 
posed of two parts: rotation and transla¬ 
tion. The translation is a vector (the fourth 
column vector of the matrix in Expression 
1), but the rotation operator is a matrix 
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(the upper left-hand 3x3 submatrix of 
Expression 1). Figure 2 illustrates the 
mathematical operation of rotating and 
translating a plane in two dimensions; in 
two dimensions a planar facet becomes a 
line segment. Assume that the line segment 
a shown in Figure 2 must pass through the 
points P| and P 2 also shown in the figure; 
the line segment must be made to pass 
through the points by rotating and trans¬ 
lating it. Denote the rotation matrix by R 
and the translation vector by t. The effect 
of rotating segment a, S(n, d), is the 
rotated segment b, S(R n, d). The rotation 
changes the orientation of the line segment 
(the normal vector), but has no effect on 
the shortest distance to the origin (as 
shown in the figure). The effect of trans¬ 
lating the rotated line segment is the seg¬ 
ment c, S(R n , d + (R n)t). The 
translation has no effect on the segment’s 
orientation; it only changes its distance to 
the origin. 

Expression 4 is the distance of a point x 
from its untransformed line segment. The 
distance after the transformation is 

6, = (R n)x - ((R n)t + d) (5) 

In the general three-dimensional case, the 
distance of a point Xj from its cor¬ 
responding rotated and translated plane, 
S(R n„ d\ + R n, t), is 

6j. - (R n,)x ; - ((R n,)t + d,) (6) 

The rotation and translation must be so 
chosen to make the above expression zero 
(or as small as possible) for all points (j’s) 
and surface facets (t’s). Notice that the 
entire surface is transformed as a whole, 
i.e. all of its facets undergo the same rota¬ 
tion and translation. This leads to the least 
squares minimization problem, 



The squared expression is the distance of 
each point to its respective facet. These dis¬ 
tances are summed over all points on all 
planes, and the total must be minimized by 
properly calculating the transformation (R 
and t). The individual distances are 
squared so that positive and negative dis¬ 
tances do not cancel out. 

There are two major reasons for for¬ 
mulating the problem as an optimization 
problem. First, in this way, one problem 
formulation covers all possible situations 
regarding both the total number and dis¬ 
tributions of the measured points on the 


facets. Second, the effect of possible noise 
in the measured points can be reduced by 
measuring more than the minimum num¬ 
ber of points and overconstraining the 
problem. In the case of perfect measure¬ 
ments and perfect agreement between the 
CAD database and the part, all distances 
and their squared sum will be zero when 
the transformation has been correctly cal¬ 
culated. If errors exist, an optimal fit 
between the measured data and the data¬ 
base will be calculated. The numerical 
solution is calculated by an iterative pro¬ 
cedure based on Lagrange multiplier and 
Newton-Raphson methods. 5 

The above problem formulation places 
no upper bound on the number of facets, 
and places no special conditions on the dis¬ 
crete points. However, every mathemati¬ 
cal problem must be properly formulated. 


The most general 
CAD database 
description of a surface 
or part is in terms of 
discrete points. 


In the present case, the given surface and 
points must allow for the calculation of a 
unique transformation. Two basic condi¬ 
tions must always be met: 

• A total of at least six points, measured 
on at least three facets, must be provided. 

• Any three facets for which at least one 
point was measured on each of them must 
have surface normals that are linearly 
independent. 

At least six points must be measured 
because a rigid body transformation is 
characterized by six independent variables: 
three degrees of translation ( x, y, and z), 
and three angles of rotation (the three euler 
angles, or the roll, pitch, and yaw angles). 
If points are measured on only three 
facets, the only acceptable distributions of 
exactly six points on those surfaces are 
either 2:2:2 or 3:2:1. If only one point is 
measured on each facet, at least six facets 
are required. If these conditions are not 
met, a mathematical singularity is encoun¬ 
tered and a solution cannot be calculated. 
Furthermore, notice that the formulation 
does not assume the possibility of estimat¬ 
ing local surface normals from the sensed 
data. 

The correspondence of measured points 
to specific surface facets is a basic assump¬ 


tion of the algorithm. If a polyhedron has 
n facets and k arbitrary points are mea¬ 
sured on it, the total number of combina¬ 
tions relating the points to the facets is n‘. 
Assuming six facets and six points, this 
number is 46,656! Grimson and Lozano- 
Perez 6 considered all possible combina¬ 
tions, but presented powerful geometric 
pruning methods for eliminating impossi¬ 
ble point-facet combinations. However, 
their method requires surface normal esti¬ 
mation. The correspondence assumption 
is justified when an estimate of the part’s 
true location is available. If this estimate 
is accurate to within a fraction of the part’s 
dimensions, the correspondence of mea¬ 
sured points to facets can be guaranteed. 
This is the case in the manufacturing appli¬ 
cations for which this method was 
developed. 

Demonstration. The localization 
method is demonstrated in Figure 3, which 
shows the localization of a part made up 
of six planar facets. In the figure, the part 
drawn in light lines represents the CAD 
database surface in the ideal location. 
Instead of drawing discrete points (six 
points were used in this demonstration, 
one on each surface) representing the 
actual location of the part, another part is 
drawn in heavy lines for the same purpose. 
This helps the observer, who otherwise 
would have great difficulty visualizing the 
progress of the algorithm. The numerical 
procedure is both reliable and fast; typical 
execution time for this procedure on a 
VAX 11/750 is on the order of a second. 

The accuracy of the localization method 
is primarily governed by the accuracy of 
the sensing system. As a rule of thumb, we 
can expect the localization inaccuracy to 
be on the same order as the combined aver¬ 
age surface roughness and sensor uncer¬ 
tainty. The selection of measurement 
points is also important. Whenever possi¬ 
ble, points should be measured on those 
facets that have the greatest angular sepa¬ 
ration, i.e. facets whose normals are 
closest to 90 degrees apart. This maximizes 
the computational sensitivity and conse¬ 
quently the accuracy. The points should 
also be spread over the surface to facilitate 
accurate orientation estimation. 


Localization of 
quadric surfaces 

The method described in the preceding 
section has been extended to allow the 
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localization of surfaces comprised of 
quadric patches. Quadric surfaces deserve 
special attention for a number of reasons. 
These surfaces include planes, cones, 
cylindrical and elliptical pipes, spheres, 
etc., and are described by a second-order 
implicit equation in analytical geometry. 
They are common in mechanical design 
and thus frequently encountered in locali¬ 
zation problems. Surfaces represented by 
implicit equations of order greater than 
two are difficult for a designer to visual¬ 
ize. Consequently, explicit parametric 
equations such as splines are used when 
designing a surface of order higher than 
two. 

Figure 4 demonstrates this method, 
showing the localization of a part made up 
of two intersecting pipes. The part drawn 
in light lines represents the CAD database 
surface in the ideal location, and the part 
drawn in heavy lines represents the actual 
location of the part. Six points were used 
in this demonstration, three on each pipe. 
Again, the algorithm is seen to accurately 
converge in few iterations. 


Localization of 
parametric surfaces 

The basic problem to solve when localiz¬ 
ing a surface is to match points measured 
on a surface to a mathematical CAD data¬ 
base description of that surface. The 
matching procedure is to reduce the dis¬ 
tances between the points and the surface 
as much as possible. The most elementary 
mathematical operation in a matching 
algorithm calculates the distance between 
a point and the surface. This makes 
implicit equations the ideal database rep¬ 
resentation because they take the form 

Ax, y,z) = o (8) 

Simply by inserting the Cartesian coor¬ 
dinates of a point, (x, y, z), into the implicit 
equation we can obtain a measure of the 
distance between the point and the surface. 

The most general CAD database 
description of a surface or part is in terms 
of discrete points, because all other surface 
descriptions can be reduced to that form. 
However, for localization purposes a data¬ 
base description must be complete in the 
sense that any point measured on an actual 
surface must be accounted for in the 
description. This can be accomplished by 
use of interpolating functions, such as 
splines, which are explicit representations 



Figure 3. Demonstration of the localiza¬ 
tion algorithm for polyhedra. The part 
has six facets, and we assume one data 
point measured on each facet. The 
CAD database surface is drawn in light 
lines in the ideal location; the part is 
drawn in heavy lines in the actual 
location. 


of a surface. The Cartesian coordinates of 
any point on the surface are given by the 
equations 


X = fl(U, v) 

(9) 

y = Mu, v) 

(10) 

z = Mu, v) 

(ID 


where u and v are independent parametric 
variables, generally referred to as surface 
coordinates. Various kinds of splines are 
available, but for localization, the simplest 



Figure 4. Demonstration of the localiza¬ 
tion of a part made up of two intersect¬ 
ing pipes. The CAD database surface is 
drawn in light lines in the ideal location; 
the part is drawn in heavy lines in the 
actual location. 


ones are bicubic parametric splines: 



where u and v are the curvilinear surface 
coordinates, a,j contains the spline 
parameters, and x is any point on the 
surface. 

Explicit surface equations map a point 
in a two-dimensional surface space to a 
three-dimensional Cartesian space: 

P 2 (k, v)-P 3 (x, y, z) (13) 
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When attempting to match a CAD data¬ 
base expressed by explicit equations with 
measured points, a discrepancy in spaces 
becomes obvious: the database is in a sur¬ 
face space, but the measured points are in 
a Cartesian (world) space. It is not trivial 


to calculate the distance of a point to a 
parametric surface; we must use an itera¬ 
tive numerical procedure. The localization 
method for polyhedra requires us not only 
to calculate the distance of a point to the 
surface, but also requires an analytical 


expression for the distance. In the case of 
parametric surface descriptions, no such 
expression can in general be derived. 

The localization method presented 
below is an iterative scheme based on 
repeatedly approximating the splined sur- 



Figure 5. Two-dimensional demonstration of the localization algorithm for parametrically described curves, showing the 
localization of a cubic spline. 
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face with a polyhedron. At the start of 
each iteration, the algorithm finds the 
points of shortest distance to the splined 
surface from each measured point. The 
spline is approximated by planes (or, alter¬ 
natively, quadrics) at each such point. A 
transformation is calculated based on 
these approximations and the measured 
points using the method for localizing 
polyhedra. The CAD database surface is 
then transformed closer to the measured 
points. This procedure is repeated until a 
satisfactorily accurate match has been 
reached. With this approach, the curved 
surface to be localized is approximated by 
an open polyhedron; this approximation 
is dynamically adjusted as the surface and 
the measured points are moved closer 
together. This method applies to both con¬ 
cave and convex surfaces. 

The method is summarized as follows: 

(1) Assume the CAD database surface 
is in the ideal location. 

(2) For each measured point, calculate 
the point of shortest distance on the 
surface. 

(3) Approximate the CAD database sur¬ 
face with planes at the points of shortest 
distance. 

(4) Calculate an optimal transformation 
between the approximated surface and the 
measured points using the method for 
localizing polyhedra. 

(5) Apply the calculated transformation 
to the CAD database surface. 

(6) Test for convergence. If the transfor¬ 
mation calculated in Step 4 is sufficiently 
close to the identity transformation, then 
quit; else go back to Step 2. 

This method is similar to Newton’s 
method for calculating the roots of func¬ 
tions and shares many of its convergence 
characteristics. 5 Figure 5 demonstrates 
the method in two dimensions. 

Figure 5a shows a curve segment (data¬ 
base description) and seven discrete points 
(measured points). The problem is to find 
a transformation to match the curve and 
points. In this demonstration the transfor¬ 
mation is applied to the points instead of 
the curve (database); this is a minor mod¬ 
ification, but computationally simpler. As 
outlined above, the first step is to find the 
points on the curve of shortest distance to 
the measured points; Figure 5b shows the 
results of this operation. The second step 
involves linearizing the curve about the 
points of shortest distance, as illustrated 
in Figure 5c and Figure 5d, where the 
approximating polygon is drawn together 



with the measured points. The third step 
involves finding the optimum transforma¬ 
tion of the points based on the lineariza¬ 
tion; the results of this transformation are 
shown in Figures 5e and 5f. Note that this 
procedure converges in one iteration when 
the surface is a polyhedron. As seen in Fig¬ 
ure 5f, the points have moved very close to 
the spline despite the large initial offsets. 
Figures 5g and 5h show how the whole 
process is repeated twice, with a satisfac¬ 
tory match obtained in only three iter¬ 
ations. 

Figure 6 shows a three-dimensional 
demonstration of this method. The 
hemispheroidal surface is reminiscent of a 
canopy. This type of surface is difficult to 
represent with implicit equations; it is 
highly curved in certain places, but nearly 
planar in others. Figure 6a shows the sur¬ 
face in light lines rotated by about 10 
degrees about all three axes and translated 
about 1/5 of its scale from the ideal loca¬ 
tion (heavy lines). Eight measured points, 
widely distributed over the surface, were 
used in the simulation, six points around 
the sides and two on the top. Convergence 
took place quickly, which is typical of this 
method. 

This localization method is particularly 
effective against translation offsets. 
Translations affect the surface uniformly; 
all points are displaced equally. Rotations, 
on the other hand, do not displace all sur¬ 
face points equally; the greater the radius 
of gyration of a point (distance from the 
axis of rotation), the more it is displaced. 



The method requires an initial estimate of 
the actual location of the surface (the ideal, 
or planned, location), which is possible in 
most manufacturing situations. Specifi¬ 
cally, the method is intended for localiza¬ 
tion of parts in low-precision 
general-purpose fixtures, for jigs, and on 
positioners, for which such information is 
readily obtainable. 

’W’ M ▼ e have demonstrated a method 

l/l/ of part localization designed 

W W for manufacturing applica¬ 
tions. This method is based on matching 
a CAD database description of the part’s 
surface with data measured on an actual 
surface. The method is suitable for use 
with both tactile and nontactile sensing 
systems, and for both simple surfaces 
(polyhedra and quadrics) and arbitrarily- 
shaped surfaces. The method uses knowl¬ 
edge about the approximate location of the 
part prior to precise localization. It 
requires neither surface normal data nor 
the determination of the equation of the 
surface from the data. Instead, we obtain 
a direct matching through a rigid body 
transformation between the data and 
database. 

The major manufacturing advantages 
of part localization follow: 

• Part localization allows the use of 
low-precision, but general-purpose, fix¬ 
tures needed in flexible and small-batch 
manufacturing. It enables a robot to adapt 
to variations in the location of parts in its 


Figure 6. Localization of a surface described by parametric equations (bicubic 
splines). The CAD database surface is drawn in heavy lines in the ideal location; it 
is drawn in light lines in the actual location. 
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working envelope. 

• The design and construction of preci¬ 
sion jigs and fixtures is time consuming 
and expensive, and localization methods 
offer potential savings in time and cost. 

• Methods of automatic localization 
enable gauge-free inspection of parts. 

• Part-localization methods provide a 
critical link in the integration of 
CAD/CAM with robotics. They bridge 
the gap between the CAD station and the 
factory floor in model-based off-line pro¬ 
gramming of robots. □ 
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Multiple sensor 
systems and geometric 
object models can 
help a manipulation 
system adapt to 
uncertainty in its 
environment. 


I will present a method for model- 
based programming and control of a 
sensing and manipulation system for 
assembly tasks. As shown in Figure 1, the 
system contains both an off-line subsystem 
and a runtime subsystem. The off-line por¬ 
tion of the system is used to describe the 
desired task and specify the accompanying 
workpieces, and to compute the object 
features the sensor systems can expect to 
detect. The runtime system corrects the 
nominal manipulator paths using sensor 
data. 

The purpose of the sensor systems is to 
establish a correspondence between the 
off-line program and the actual situation. 
Several different sensor systems are 
required because each sensor only returns 
partial information on the task state. The 
use of redundant sensor information 
allows task execution to proceed despite 
the failure of an individual sensor system, 
while combining multiple measurements 
from sensor systems reduces the effect of 
noise in the individual sensor systems. In 
this article, I use vision and range sensors 
to demonstrate my method. 

A distributed approach to robot control 
overcomes the difficulty of programming 
simultaneous sensor interaction in a serial 


Purdue University. 


programming language. The individual 
actuation and sensing systems run in par¬ 
allel as independent processes under the 
supervision of the task coordinator. The 
coordinator does not distinguish between 
individual sensors, and it communicates 
with each sensor system in the same man¬ 
ner using geometric, probabilistic, and 
task-related information. Sensors may be 
added or removed from the overall system 
without changing the task coordinator 
because the coordinator is not concerned 
with the number of the type of sensors pres¬ 
ent in the system. The coordinator com¬ 
bines the sensor data with the prior 
knowledge about the task state to monitor 
the execution of the task and to modify the 
manipulator’s trajectory. The coordinator 
can identify a sensor measurement as 
incorrect if it is inconsistent with the mea¬ 
surements made by other sensors. 

The programmer models the geometry 
of the objects in the workspace and speci¬ 
fies the necessary manipulator paths using 
the task modeling and specification sys¬ 
tem. This system contains a boundary- 
based solid modeler, Romulus, 1 for the 
programmer to use in modeling the geom¬ 
etry of the objects. Once the objects are 
modeled, the programmer uses an interac¬ 
tive graphics system to teach a series of 
locations that describe the desired manipu¬ 
lator paths. The sensory planning system 
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Figure 1. Complete model-based manipulation and sensing system. 


uses these locations to compute the nomi¬ 
nal straight line manipulator paths, and 
the manipulation system uses these loca¬ 
tions during task execution for motion 
control. The range and vision planning 
systems compute the object features each 
sensor can expect to detect using the nomi¬ 
nal paths and the object models. The run¬ 
time computational requirements of the 
sensor systems are reduced. 

During task execution the vision and 
range sensor systems report to the coordi¬ 
nator the object features they have 
detected, along with the difference 
between their observed and expected 
measurements. The coordinator computes 
a new estimate of the object’s location 
using a weighted combination of the prior 
estimate with the difference between the 
observed and the expected sensor measure¬ 
ments. The manipulator’s trajectory is 
modified to account for the new estimate 
of the object’s location. 

I begin with the geometric modeling of 
objects and the specification of the desired 
trajectories. The discussion of the plan¬ 
ning system includes the methods I use to 
compute the nominal manipulator paths 
and to predict the object features that will 
be detected by the vision and range sen¬ 
sors. My method assumes that the objects 
are placed in known configurations and 
that the nominal object locations are close 
to the true locations. In the section describ¬ 
ing the runtime system I will develop 
methods for interpreting and combining 
vision and range data, and a method for 
correcting the manipulator’s path during 
task execution. I will not consider the 
design of the manipulation, vision, or 
range sensing modules because that lies 
beyond the scope of this article. I will sum¬ 
marize my method for the model-based 
control of a manipulation and sensing sys¬ 
tem by discussing the simulation I used as 
an aid in developing the planning and 
coordination modules. 


Task modeling 
and specification 

Objects in the workspace should be rep¬ 
resented using a true solid modeling system 
rather than a wireframe system. The use of 
a solid modeling system allows for inter¬ 
ference checking among objects, hidden- 
line and surface removal, and automatic 
calculation of mass properties. Three- 
dimensional objects can be described 


faster and easier using a solid modeling 
system than a wireframe system. 

Six known solid modeling schemes pro¬ 
duce unambiguous object representa¬ 
tions. 2 Of these six methods, constructive 
solid geometry (CSG) and boundary rep¬ 
resentation are the best understood and the 
most commonly used methods. In con¬ 
structive solid geometry objects are repre¬ 
sented as ordered binary trees, where the 
terminal nodes are primitive shapes and 
the nonterminal nodes are Boolean oper¬ 
ations, rigid motions, or scaling oper¬ 
ations. 

I chose to use a boundary-based system 
to model the geometry of the objects in the 
workspace. The information contained in 
an object’s boundary representation is 
divided into two categories: geometry and 
topology. The topological information 
describes how the vertices, edges, and 
faces connect to form a solid object. The 
geometry of the model gives the point loca¬ 
tion of the vertices and the equations 
describing the edges and faces. Many 
boundary-based modeling systems store 
the topological information in the winged- 
edge data structure developed by Baum- 
gart, 3 or in a closely related data 
structure. 

I selected a boundary-based modeling 
system because it better suits the interac¬ 
tive graphics system used to develop the 
task plan than do constructive solid geom¬ 
etry systems. More importantly, object 
surfaces are easily extracted from bound¬ 
ary representations, while in CSG systems 
they must be computed. The graph used by 
boundary-based systems can be examined 
and object features, such as corners, holes, 


and regions, can be easily extracted 
because the features are present in the 
graph. The extraction of object features 
from a CSG tree requires multiple searches 
through the binary tree. 

Robot manipulator programs are com¬ 
monly written as a series of positions 
through which the manipulator must move 
during task execution. The coordinate 
frames used to describe the positions in the 
task plan are either taught or obtained 
from part dimensions. Programming pro¬ 
ductivity could be improved by automat¬ 
ically determining the necessary 
coordinate transformations with the same 
solid modeling and graphics display sys¬ 
tem used to design the parts to be assem¬ 
bled by the manipulator. 

We can develop manipulator programs 
using an interactive graphics system once 
we have modeled the geometry of the 
manipulator and its environment. We 
specify these programs by moving the 
image of the manipulator around the 
workspace and storing crucial locations 
along the desired trajectory 4 in a manner 
similar to teaching. The desired type of 
motion, either joint or orthogonal, is 
specified from the keyboard. 

The limited resolution of the graphics 
console frequently prevents the program¬ 
mer from indicating the desired location 
accurately enough for the manipulator to 
reach the location. The accuracy problems 
introduced by the display can be overcome 
by storing additional information regard¬ 
ing the purpose or the function of a part 
along with the solid model of the part. 5 
Using this technique the programmer indi¬ 
cates with a light pen or with a table and 
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a stylus the part to be picked up by the 
manipulator, before specifying the desired 
trajectory. Once the programmer has 
moved the hand close enough to the 
desired part, the program takes control 
and moves the hand to the correct grasp¬ 
ing position. The grasping position is 
stored with the part, which eliminates the 
effect of the display resolution on the 
accuracy of the specified grasping 
position. 

In this system, the programmer’s natu¬ 
ral ability for spatial reasoning is employed 
in a direct manner by displaying an image 
of the workcell with the robot. The pro¬ 
grammer can easily perform many of the 
functions of a task planning system, such 
as trajectory generation or collision avoid¬ 
ance. The taught locations are checked by 
viewing the planned trajectory of the 
manipulator using an interactive graphics 
console. 


Planning system 

The planning system calculates the 
nominal straight-line manipulator paths 
between the locations supplied by the pro¬ 
grammer; it then uses these paths to com¬ 
pute the object features the vision and 
range sensor can expect to detect. 

Trajectory generation. The trajectory 
the manipulator follows is specified as a 
series of positions in space, along with the 
type of motion the manipulator makes 
between the positions. The motion that a 
manipulator will make between two loca¬ 
tions can be specified either in terms of the 
individual joint angles, termed joint 
motion, or in terms of the position and 
orientation of the end effector, called 
Cartesian or orthogonal motion. When 
sensors attached to the manipulator are 
used to navigate through the workspace, 
CarteSian motion should be employed to 
produce a stable, well-defined sensor 
motion. 

I will represent the position and orien¬ 
tation of the manipulator by the 
homogeneous transform T 6 , which is a 
function of the link and joint parameters 
of the manipulator. 6 Given the matrix T 6 
we can compute an equivalent set of 
manipulator joint positions. 6 To make a 
Cartesian motion from a location defined 
by a transform POS, to another location 
described by POS 2 requires that T 6 
change in a controlled manner from POS, 
to POS 2 . The motion can be made in 


either the initial coordinate frame or the 
final coordinate frame; we will use the 
final coordinate frame to facilitate the 
transition to the next motion segment. The 
motion from POS, to POS 2 is made using 
a drive transform to specify the interme¬ 
diate transforms. 6 Intermediate positions 
along the motion are given by 

T 6 = POS 2 D(r) 

where D ( r ) is the drive transform and r is 
a motion parameter that goes from one to 
zero during the motion. 

We will use a drive transform D(r) 
designed to move the manipulator from 
POS] to POS 2 along a straight line, and to 


The programmer can 
easily perform many 
of the functions of a 
task planning system. 


change the orientation of the end effector 
by making a single rotation about a fixed 
axis in space. 7 Another possibility is to 
use two rotations to specify D(r) where the 
second rotation is a motion of the final 
joint of the manipulator. 6 Three 
parameters, x, y, and z, are required to 
describe the linear motion from POS) to 
POS 2 . Two rotation parameters, 8, and 
02 , are required to describe the axis of 
rotation, and a third parameter, 0 3 , speci¬ 
fies the angle of rotation. The solution for 
the six parameters is obtained by setting 
r = 1; it can be found in Paul and 
Zhang. 7 

Vision sensor feature prediction. In 

many assembly situations it is necessary 
for a vision system to recognize objects 
that are partially out of view or occluded 
by other objects. The use of extended fea¬ 
tures, such as boundary segments, or local 
features, such as corners and holes, ena¬ 
bles the recognition of partially visible 
objects. The identification of a local or 
extended feature in the camera image con¬ 
strains the location and orientation of the 
corresponding part. Extended features are 
more difficult to locate than local features, 
but they provide more information about 
the object’s location. I will use local fea¬ 
tures because they are easy to extract from 
the object model, they are easy to detect in 
camera images, and their location is eas¬ 


ily expressed using point transformations. 

The object features that are visible 
depend, to a large degree, on the position 
and orientation of the camera relative to 
the objects. I will now outline my method 
for determining the features that are visi¬ 
ble at a given camera location. This 
method can then be used to make predic¬ 
tions about the visible features at certain 
positions along the nominal trajectory. 
The vision system can use tl\e feature 
predictions to decrease the processing time 
for each of the images by confining its 
search for features to relatively small areas 
of the image. The vision system can also 
use the feature predictions to quickly 
establish a match between the observed 
and the actual features. 

The algorithm for predicting the visible 
features begins by searching the object 
models for any potentially useful object 
features. The visibility of each of the fea¬ 
tures is checked by determining which fea¬ 
tures are in the viewing volume of the 
camera and not blocked by an intervening 
surface. 

The problem of selecting potentially 
useful object features is simplified by the 
choice of a boundary-based solid modeler 
for object representation, and by the 
choice of local features for visual informa¬ 
tion. The models produced by a boundary- 
based solid modeler contain a list of all the 
object’s faces. Associated with each face 
is a list of the vertices that bound the face 
and a list of openings, or holes, in the face. 
From the list of faces and associated infor¬ 
mation, we can easily construct a list of all 
the object vertices and a list of all the small 
holes in the object. These two lists together 
comprise a list of local features that are 
potentially useful in determining the 
object’s location. 

The first step in the visibility checking 
process is to determine the objects and 
object features that lie within the viewing - 
volume of the camera, approximated by a 
pyramid with its apex at the focal point of 
the camera. 8 Object features and surfaces 
outside the viewing volume are removed 
from further consideration, then any 
remaining object surfaces on the backside 
of an object are also removed from con¬ 
sideration. The depth comparison of the 
remaining faces and features is simplified 
by first transforming them into a new 
coordinate system where the perspective 
rays are parallel. Each local feature is com¬ 
pared with the surfaces that are closer to 
the focal point to determine if the feature 
is obscured by a surface. The distance 
from the focal point to a surface is deter- 
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mined as the depth of the closest vertex. 
The algorithm does not consider lighting 
and shading conditions. 

An example of a predicted camera 
screen is shown in Figure 2, where the 
manipulator is approaching the bracket 
with the round hole. In Figure 3, the 
corners and holes that the vision system 
expects to detect are indicated with squares 
and triangles. 

Range sensor feature prediction. 

Assume that we are using a point-range 
sensor mounted on the end effector in line 
with the axis of joint six for detecting the 
distance to object surfaces. The range sen¬ 
sor measurements are utilized when the 
end effector is pointed down at a surface, 
which frequently occurs during the assem¬ 
bly of stacked parts. 

The algorithm predicts the surfaces and 
edges that a range sensor would detect as 
the manipulator moves between a pair of 
positions in the task plan. The first step is 
to transform all the objects in the work¬ 
space, and their respective faces, into the 
world coordinate system. The motion the 
range sensor makes as the manipulator 
moves between two positions is repre¬ 
sented as a straight line in the world coor¬ 
dinate system. 

The computation of the expected range 
features is simplified by the removal of the 
planar backfaces of objects, as previously 
discussed. 

All of the remaining object surfaces 
under consideration and the line represent¬ 
ing the sensor’s path are projected into the 
horizontal (x, y) plane of the world coor¬ 
dinate system. We can expect the range 
sensor to pass over a surface if the horizon¬ 
tal projection of the surface intersects the 
projected sensor path. If the expected path 
begins or ends over a surface, then the 
projected line and the edges of the surface 
will cross an odd number of times. 

A record is constructed every time the 
projected path crosses the projection of 
the surface. The record contains the ( x, y) 
location of where the sensor’s path crosses 
over the surface, and the (x, y ) location 
where the sensor’s path leaves the surface. 
The record also contains a pointer to the 
surface. A separate record is used every 
time the range sensor’s path crosses over 
a surface. If the range sensor’s path begihs 
or ends over a surface, then either the 
beginning point or the endpoint must be 
included in the record. 

The results from the intersection calcu¬ 
lations are arranged in a linked list, where 



each element in the list is a record contain¬ 
ing the endpoints of the range sensor’s 
motion over the surface corresponding to 
the record. Each record in the list is com¬ 
pared with the other records in the list to 
determine which object surfaces are 
blocked from detection by the range sen¬ 
sor by intervening surfaces. If two records 
contain line segments that partially or 
completely overlap, then the lower surface 
is partially or completely obscured by the 
other surface. 

The records in the linked list that cor¬ 
respond to curved or sloping surfaces are 
removed from the list after the records cor¬ 
responding to the obscured surfaces are 
removed or modified because we assumed 
that our range sensor could not accurately 
detect the distance to these types of sur¬ 
faces. The list is then sorted by increasing 
or decreasing x values, depending on 
which corresponds to the direction of 
motion. The resulting list comprises the 
surface that the range sensor can expect to 
detect as the manipulator moves between 
two positions in the task plan. 


Runtime system 

The first step in processing sensor data 
during task execution is to assign a geomet¬ 
ric interpretation to the data. We combine 
the sensor data with the prior estimate of 
an object’s location using a recursive least 
squares algorithm. The trajectory of the 
manipulator is then modified to account 
for the new estimate of the object’s 
location. 

I will now outline a recursive least 
squares algorithm and then develop the 



Figure 3. Expected camera features. 


geometric interpretations for vision and 
range data necessary in the least squares 
algorithm. This section concludes with a 
discussion of the method used to correct 
the manipulator’s path during task exe¬ 
cution. 

Filtering of sensor data. We can elimi¬ 
nate the need to store all the previous sen¬ 
sor measurements by using a recursive 
algorithm to correct the estimates of the 
object location. We obtain the new esti¬ 
mate for the object location by multiply¬ 
ing the difference between the observed 
and the expected sensor measurements by 
a weighting matrix and adding the result 
to the current estimate. The estimates for 
the n uncertain object location parameters 
are corrected using m sensor measure¬ 
ments each time sensor data is processed. 
The recursive least squares algorithm 
allows us to correct the prior estimates of 
the n location parameters using m mea¬ 
surements even when the m measurements 
do not unambiguously specify the object’s 
location. The parameters describing an 
object’s location are contained in the n x 1 
vector x. The measurements made by the 
vision and range sensors at time t k are 
contained in the m x 1 output vector y k , 
which is corrupted by the noise sequence 
v*. 

y k = C k x+\ k 

The m x n matrix C k is termed the mea¬ 
surement model because it describes the 
relationship between the vector of interest, 
x, and the measurements y*. 

The covariance of the current state esti¬ 
mate is denoted by P*, and the covariance 
of the noise sequence v* by R*. The covar- 
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iance matrices P* and R* can also be inter¬ 
preted as the confidence in the current 
estimate for x and the most recent sensor 
measurements, y k . 

The new estimate object location after 
the /fth set of observations is 

* + = x +K*(y* - C**-) 
where the estimate of the vector x is indi¬ 
cated with a circumflex. A minus sign indi¬ 
cates that the quantity is valid at the time 
immediately before the new measurements 
are incorporated into the new estimate, 
and a plus sign indicates the time immedi¬ 
ately after the new estimate is computed. 
The recursive least squares algorithm com¬ 
putes the new estimate for the object’s 
location by weighting the difference 
between the expected and the actual sen¬ 
sor measurements, (y* - Qx - ), with the 
matrix K* and adding the result to the 
previous estimate. 

The gain matrix K* that produces a 
least squares estimate for x is given by 9 

K* = P* + C* T [C*P*-C* T + R*]~ 1 (1) 
The matrix K* is frequently referred to as 
the Kalman gain matrix. 

The updated covariance, after process¬ 
ing the new sensor measurements, is 

P* + =(/-K*C*)Pr (2) 

Geometric interpretation of visual 
information. The screen coordinates of an 
object feature are determined by the object 
location, the camera location, and the per¬ 
spective viewing transformation. Because 
we are going to use the visual information 
to improve our estimate of the object’s 
location, we express the screen coordinates 
of an object feature as a function of the 
object’s location. The object’s location is 
described using a vector x that contains six 
orthogonal location parameters: three sca¬ 
lar translations a, b , and c along the base 
frame’s x, y, and z axes, and three rota¬ 
tions <(>, 0, and yj about the z, y, and x axes. 
This representation of the orientation is 
called roll, pitch, and yaw. 6 Writing the 
screen coordinates ( u, v) as functions of x 
we have 

k=£« (3a) 

v = A(x) (3b) 

Complete details of the functions g() and 
hQ can be found elsewhere. 10 

If we know an object to be resting on a 
level surface in a particular stable state, 
then the only uncertain orientation varia¬ 
ble is the rotation about an axis perpendic¬ 


ular to the surface. In this special case the 
location vector x can be restricted to con¬ 
tain only one orientation parameter, 
Despite the assumption of linear plant 
and measurement models, the Kalman 
gain matrix is widely used in nonlinear esti¬ 
mation problems, as in our case where the 
vision measurement model is nonlinear. A 
common solution to this problem, fol¬ 
lowed here, is to linearize the equations 
about the current state estimate. The 
vision measurement model is given by 
Equation (3), and the linearized approxi¬ 
mation is determined by finding the 
differential change in the screen coor¬ 
dinates (u, v) of point produced by a 
change in the state x. 



We use the linearized approximation of 
Equation (4) to determine the elements of 
C k for use in the computation of the 
Kalman gain matrix in Equation (1) and in 
updating the covariance in Equation (2). 9 

Geometric interpretation of range infor¬ 
mation. Recall that we are using a point 
range sensor to measure the vertical dis¬ 
tance to planar surfaces on the object of 
interest. If we assume that the errors in the 
object’s model are much smaller than the 
errors in the object’s location estimate 
x + , then the range sensor directly mea¬ 
sures the height of an object. This also 
assumes that the range sensor’s height is 
well known. For the location x, where 

x = [a, b, c, <j>, 9, ip] T 
the range sensor model is 

C = [0,0, 1,0, 0, 0] T 

Error detection and moving objects. We 
attempt to identify incorrect sensor mea¬ 
surements before they are incorporated 
into the new estimate x + . Measurements 
that differ significantly from the expected 
measurements are classified as incorrect 
because we assume that the actual mea¬ 
surements will be close to the expected 
measurements. A sensor system can be 
identified as faulty if it repeatedly returns 
incorrect measurements. 

The objects considered in this article are 
stationary; however, we could use the 
same algorithms to track moving objects. 
We can extend my method to locate parts 
transported by conveyor or to track the 
location of the manipulator’s end effector 


while the manipulator is moving. When 
tracking a moving object, the state vector 
x represents the time-varying location 
parameters, and we must modify the 
covariance of the state estimate to account 
for errors introduced by the movement of 
the object. 

Trajectory correction. During task exe¬ 
cution, the path of the manipulator is cor¬ 
rected to account for changes in the 
estimated object location. Locations in the 
task plan are defined relative to the objects 
in the workspace. For example, POS 2 is 
defined as 

POS 2 = BDY LOC 2 

where LOC 2 specifies the desired end 
effector location relative to the location of 
the destination object, given by BDY. We 
correct the transform BDY to account for 
the new estimate of the object’s location 
each time sensor data is processed. 

As we have seen, changes in the orien¬ 
tation estimate of an object can produce 
large changes in the rectilinear motion of 
the manipulator when the manipulator is 
at a large distance from the object. 10 The 
changes in the trajectory produced by the 
changes to BDY are concentrated at the 
next step of the motion, which can pro¬ 
duce large jumps, or jerks, in the motion 
of the manipulator. 

We can eliminate the undesirable 
motion arising from corrections to the esti¬ 
mated location of the destination by com¬ 
puting a new straight line trajectory to the 
destination whenever the destination’s 
location estimate changes. 10 At the same 
time we should also determine a new angu¬ 
lar motion trajectory that accounts for the 
change in the orientation of the destina¬ 
tion. We obtain the new trajectory by 
recomputing the drive transform 
parameters every time POS 2 is corrected, 
which spreads the motion change 
produced by correcting POS 2 over the 
remaining portion of the motion. 

Simulated task 
execution 

To illustrate how the model-based sens¬ 
ing and manipulation system might work 
in practice, I developed a simulation of the 
execution of an assembly task by a PUMA 
manipulator equipped with vision and 
range sensors. I will now illustrate my 
method for the model-based control of a 
sensing and manipulation system using 
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Figure 4. Nut dispenser. 



that simulation. (In this simulation I 
assumed a vision system that could extract 
local features from images and then estab¬ 
lish a correspondence between these fea¬ 
tures and the predicted features. I assumed 
a solution to this difficult problem because 
I focused on the planning and task coor¬ 
dination modules.) 

The first step in the simulation was to 
develop models of the objects in the work¬ 
space using the Romulus 1 solid modeler. 
I then converted the Romulus database 
into a form suitable for display on the 
Evans and Sutherland PS300 interactive 
graphics system. The PUMA 560 manipu¬ 
lator is displayed on the screen, along with 
the worktable that surrounds the manipu¬ 
lator and the objects resting on the table. 
The programmer can move the manipula¬ 
tor by rotating the input dials and specify 
the desired trajectory by storing key points 
along the trajectory. 5 Once the desired 
trajectory is specified, the expected vision 
and range sensor features are computed 
during the planning phase. 

In the task simulation, vision and range 
data are processed at regular intervals 
along the Cartesian path to the destina¬ 




tion. Recall that in the simulation both the 
camera and the range sensor are mounted 
on link six of the manipulator. The simu¬ 
lation accounts for the difference between 
the estimated and the actual end effector 
location by adding a zero mean, Gaussian 
distributed noise to the joint positions. We 
can use the difference between the simu¬ 
lated sensor measurements and the 
expected measurements to improve the 
estimate of the object’s location. A new 
drive transform is determined and used to 
obtain the next Cartesian location where 
simulated sensor data will be processed. 

We determine the visible object features 
using the same procedures used to predict 
the available features. The measured 
screen location (u m , v m ) of each feature is 
determined using the actual object loca¬ 
tion to compute the screen location (w, v) 
of the feature, then adding noise to ( u, v) 
to obtain ( u m , v m ). We compute the 
expected location of the visual features 
using the current best estimate for the 
transformation describing the object’s 
location. 

We compute the actual surfaces 
detected by the range sensor using the same 



Figure 6. Initial visual features. 



procedures used to predict the surfaces the 
range sensor would cross. The measured 
distance from the sensor to the object is 
computed as the actual distance plus noise. 
The expected distance to the surface is 
computed using the current best estimate 
for the transformation describing the 
object’s location. 

In the following example the manipula¬ 
tor is to move over a simplified nut dis¬ 
penser, shown in Figure 4, then down. 
While the nut dispenser rests on a table, the 
length of its legs is poorly known. We use 
visual and range data to correct the (x, y) 
plane position, the orientation <(>, and the 
height of the top of the nut dispenser. 

The task plan consists of three locations: 
the initial starting location, an intermedi¬ 
ate point above the dispenser, and a final 
point closer to the top of the nut dispenser. 
The desired motion of the manipulator is 
illustrated in Figures 5,7, and 8. These 
figures show the expected camera scenes at 
the initial location, at the intermediate 
point above the nut dispenser, and at three 
intermediate locations in the path. The 
expected local features in the initial scene 
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Figure 10. Nut dispenser x position estimate. 



Figure 11. Nut dispenser y position estimate. 


Figure 8. Camera scene at the second 
task step. 



Figure 9. Camera features at the second 
task step. 


and in the intermediate scene are identified 
in Figures 6 and 9. 

The vector x describing the location of 
the object consists of the four uncertain 
location variables <(>, a, b, and c. Details 
concerning the noise added to the sensors, 
the initial covariance matrices, and the 
manipulator’s joint positions can be found 
elsewhere. 10 The covariance matrices used 
in estimating the states of a system should 
be partially based on measurements and 
partially based on the experience of the fil¬ 
ter designer. The initial estimate for x was 

*o = [0.7071, 37.0, 57.0, 48.0] T 
The final estimate for x was 
x 34 = [-2.3876, 37.159, 57.211,48.223] T 
and the actual value was 


x = [-2.391, 37.217, 57.217, 48.238 ] t 

All distances are expressed in centimeters 
and all angles in radians. 

Plots of the convergence of the four 
location parameters are given in Figures 10 
through 13. The jump in the plot of the z 
position estimate occurs when the manipu¬ 


lator moves over the nut dispenser and 
consequently the range system can detect 
the top of the dispenser. 

I have presented here a method for the 
integration of separate manipulation 
and sensing modules into a system 
that can complete assembly tasks despite 
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Figure 12. Nut dispenser z position estimate. 



Figure 13. Nut dispenser orientation estimate. 


uncertainty in the location of objects in the 
workspace. The three main contributions 
of this work are: first, the architecture for 
an integrated system; second, the design 
and implementation of the off-line plan¬ 
ning and coordination components of the 
integrated system; and third, a method for 
correcting the Cartesian motion of a 


manipulator using data from multiple 
sensors. 

The significance of the system’s archi¬ 
tecture is that it provides functional design 
specifications for the manipulation and 
sensing modules. The data structures and 
internal processes of the various modules 
are hidden from the coordinator; this 


allows us to add and delete modules from 
the system without changing the coordina¬ 
tor. Furthermore, since each sensing or 
manipulation module only communicates 
with the coordinator, the individual mod¬ 
ules do not need to be altered when addi¬ 
tional modules are added to the system. 

A dominant characteristic of the plan¬ 
ning and coordination modules is their 
extensive use of object models to simplify 
programming, and more importantly, to 
focus the attention of the sensor systems 
and to provide a mechanism for combin¬ 
ing partial information from a number of 
different sensors in a consistent manner. 
I utilized strong prior information in the 
form of object models and the expected 
location of the objects. 

My method represents a first attempt at 
controlling the Cartesian motion of a 
manipulator using data from sensors that 
can detect the manipulator’s Cartesian 
location, such as vision and range. The 
major problem with the method is that it 
controls the absolute location of the 
manipulator in the workspace, which 
requires extreme accuracy in the motion of 
the manipulator. I am currently investigat¬ 
ing an alternate method based on control¬ 
ling the position and orientation of the 
manipulator relative to the workpiece, 
which will reduce the accuracy require¬ 
ments for the manipulator. 

To develop and illustrate these concepts, 
I implemented planning and coordination 
modules and then integrated them with 
simulations of manipulation and sensing 
modules. The simulation study verifies 
that the control architecture is computa¬ 
tionally feasible and that the location esti¬ 
mates converge for reasonably large initial 
errors. I am currently implementing a 
refined version of my system using actual 
manipulators and vision systems. □ 
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Special Report 


The Effect of 
Abstract Data Types on 
Program Development 


Jeffrey Mitchell, University of Southwestern Louisiana 
Joseph E. Urban, University of Miami 
Robert McDonald, Booz-Allen and Hamilton 


An experiment 
demonstrated that 
using unsupported 
abstract data types 
increases program 
development time for 
novice programmers 
in an Ada environment. 
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W irth 1 divides programs into 
data structures and associated 
operations. Hoare 2 divides 
the concept of a data structure into a data 
type definition and the implementation of 
that definition. Common programming 
languages support the detailed implemen¬ 
tation of type definitions, but generally 
increase the complexity of a sophisticated 
data structure by burdening the concept 
with many low-level implementation 
details. Abstract data types hide or 
abstract the implementation of a data 
structure. 3 

Just as a complex system can be divided 
into modules to manage the complexity of 
the system, so a sophisticated data struc¬ 
ture can be made more manageable by 
abstraction. 4 Berry et al. 5 define an 
abstract data type as a set of objects and 
operations whose implementation 
“ . . . is hidden so that the user sees only 
the objects and operations as they mani¬ 
fest themselves through the application of 
the operations to the objects.” 

Programming with abstract data types 
takes place at a higher level than tradi¬ 
tional programming. Typically abstract 
data types are defined at the specification 
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or design phase of the software life cycle. 
The implementation of an abstract data 
type is of minimal concern to the designer. 
The effect of using an abstract data type 
is to postpone writing the code for the 
implementation of the abstract data type 
until the coding phase of the software life 
cycle. At this point the abstract data type 
is implemented in one of two ways: (1) 
manually by the programmer or (2) auto¬ 
matically by a code generator. 

Belkhouche and Urban 6 have demon¬ 
strated the feasibility of the automated 
implementation of abstract data type defi¬ 
nitions from specification and design lan¬ 
guages. They have developed a synthes is 
system that automatically generates the 
—i mpleme ntation of an absuaci d atatypeJn 

an existi ng high-level languag e. Code gen- 

'fcratitm - releases the programmer from 
some of the implementation responsibility 
and concern. Belkhouche 7 found that the 
source instructions, in the specification 
language, for an average program devel¬ 
oped with automated implementation of 
abstract data types, is about 80 percent 
shorter than the source code required for 
manually implementing an abstract data 
type. He also found that, on average, the 
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Figure 1. A schematic representation of 
the primary events in the experiment. 
The vertical dimension is time. These 
events took place over a three-month 
period. After the subjects were ran¬ 
domly assigned to groups, members of 
the experimental group were given one 
hour of instruction (the treatment). In 
this figure the part of the path both 
groups followed is shown in solid lines; 
the path taken by the experimental 
group is shown in dashed lines, while 
that taken by the control group is 
shown in dotted lines. 


automatically generated program is only 
20 percent slower than the manually coded 
program. The focus of this study is the 
effect of the use of abstract data types in 
an environment in which they are imple¬ 
mented manually in a high-level language. 

Manual implementation of an abstract 
data type definition essentially allows the 
program designer to postpone the imple¬ 
mentation details of the type definition 


until the coding phase of development. 
The effect this strategy has on programmer 
productivity, source code quality, and the 
efficiency of a finished program is 
addressed in this study. 

A standard pretest-posttest control 
group experiment 8 was used to assess the 
effect of abstract data types in a code¬ 
production Ada programming environ¬ 
ment. Ada was chosen because it provides 
support for abstract data types through the 
“package” language feature. In the exper¬ 
iment, novice programmers prepared the 
design and code for two specifications. In 
the first specification all programmers 
coded without abstract data types in order 
to establish a baseline performance level. 
For the second specification, half of the 
programmers were required to use abstract 
data types in their designs and hence post¬ 
poned the implementation of abstract data 
types until the coding phase. The effect of 
this requirement (treatment) was meas¬ 
ured. In both cases the actual design was 
manually coded in Ada and then compiled 
into an executable program. 

The independent variable in this study 
was the group to which subjects were ran¬ 
domly assigned. There were two groups, 
the treatment (or experimental) group and 
the control group. The experimental group 
received one hour of instruction. The 
instruction period consisted of an explana¬ 
tion of a design technique that supported 
the definition of abstract data types in a 
general Ada-like pseudocode without 
declaring the implementation details. This 
was accomplished using general identifiers 
for types and general operations that 
remained undefined until codipg. 

The three dependent variables were 
source code quality, programmer produc¬ 
tivity, and program efficiency. Source 
code quality was measured with the fol¬ 
lowing four indicators: number of lines of 
code, number of Ada statements, number 
of modules, and average depth of nesting 
per module (see Basili and Reiter 9 ). Pro¬ 
grammer productivity consisted of the 
number of hours a programmer was 
logged into the system, the number of days 
required to complete both the design and 
the code for a specification, and the aver¬ 
age number of lines of code the program¬ 
mer was able to produce each hour. 
Efficiency of the finished program was 
measured as the mean running time of the 
program. 

This experiment tested the hypothesis 
that programmers who abstract or delay 
the implementation of complex data types 
will produce higher quality source code, 


for more efficient programs, while work¬ 
ing at a greater level of productivity than 
programmers who do not delay the imple¬ 
mentation of abstract data types. 


Method 

This experiment consisted of two train¬ 
ing tasks followed by two programming 
tasks (each designed and coded from a 
specification). Figure 1 graphically 
presents the sequence of events in the 
experiment. The experimental design 
employed was the standard pretest- 
posttest control group design discussed by 
Campbell and Stanley. 8 The subjects, 
equipment, and experimental procedure 
are described below. 

Subjects 

Twelve undergraduate computer science 
majors at the University of Southwestern 
Louisiana volunteered to participate in the 
experiment. The students were members 
of an upper-division computer science 
course on data structures. The students 
participated in the four programming and 
design tasks involved in the experiment, in 
lieu of the regular class programming 
assignments. Work in the experiment was 
scored and became part of each student’s 
final course grade. 

Eight of the original 12 subjects com¬ 
pleted all four of the program and design 
tasks successfully. Of those who did not 
complete the experiment, two were unable 
to prepare a final program without errors. 
One student did not write code to support 
all the necessary modules, and another stu¬ 
dent, contrary to instructions, did part of 
his work on a computer system that was 
not monitored during the experiment. 
These subjects were dropped from the 
experiment. 

The eight subjects who completed the 
experiment were male computer science 
majors in their junior or senior year of col¬ 
lege. The subjects had an average age of 
23. Prior to this experiment each student 
had taken an average of five computer 
science courses with a computer science 
grade point average of 3.69 (A = 4.00) and 
an overall grade point average of 3.47. 
None of the subjects had previously 
worked as a professional programmer. 
The subjects were randomly assigned to 
either the experimental or the control 
group. Statistical tests showed that the 
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Table 1. Mean values on indicators of source code quality, programmer produc¬ 
tivity, and program efficiency, on programming task number two (the posttest) 
for the control and experience groups, t values and probabilities are for a one- 
tailed test of significance. 


Variable 

Control 

Group 

Mean 

Exper. 

Group 

Mean 

t 

Sig. 

Source code quality 

Lines of code 

966.5 

965.3 

0.02 

0.49 

Number of statements 

335.0 

390.0 

-1.28 

0.14 

Number of modules 

19.3 

25.5 

-1.56 

0.11 

Average depth of nesting 

3.1 

3.1 

0.07 

0.47 

Programmer productivity 

Number of hours 

55.1 

80.2 

-1.72 

0.08* 

Number of days 

15.5 

25.3 

-4.48 

0.00** 

Lines per hour 

18.6 

12.9 

1.88 

0.07* 

Program efficiency 

Execution speed 

Group size (n) 

13.8 

(4) 

16.6 

(4) 

-1.44 

0.10* 


•Probability <0.10 
••Probability <0.05 


random assignment of subjects to groups 
resulted in two groups with no significant 
demographic differences. 

Environment 

(apparatus) 

The equipment for this experiment 
included a Pyramid 90X time-sharing 
computer running the Berkeley Unix oper¬ 
ating system. The subjects accessed the 
system via Televideo 910 terminals. In 
addition to the operating system, an edi¬ 
tor (VI), a text formatter (nroff), and the 
Arcturus programming environment were 
used by the subjects. All coding was per¬ 
formed in the Ada programming lan¬ 
guage, supported by Arcturus. 10 The 
program designs were developed on-line 
using VI and nroff. 

The Pyramid computer system was part 
of the computer support system provided 
by the university computing service. The 
subjects encountered problems similar to 
those encountered by any users of a large 
time-sharing system—for example, irregu¬ 
lar system crasjies, occasional response¬ 
time delays, and some competition with 
other students for terminal time. The sub¬ 
jects in both groups had the same condi¬ 
tions and restraints. 

The experiment included two specifica¬ 
tions (pretest and posttest). The pretest 
specification required subjects to design 
and code a system to support a hierarchi¬ 
cal tree structure, and the posttest specifi¬ 
cation was for a system that supports 
graphs. Additionally, two training tasks 
were administered, a design task and a 
coding task (see Figure 1). 


Procedure 

All eight subjects participated in four 
design and coding tasks. The first two 
tasks were for training purposes. Each of 
these tasks was graded and returned to the 
subjects so that they were accustomed to 
the design and coding standards in place 
during the experiment. After completing 
the training tasks, the subjects were given 
the specification for the first program (pre¬ 
test) and allowed about a month to design 
and code a solution to this problem. Next, 
the members of the experimental group 
were given about an hour of instruction 
(treatment) in the use of a formal design 
method that included abstract data types. 
Finally, both groups were given a specifi¬ 


cation for the second problem (posttest). 
Again the subjects had approximately one 
month to complete work on this program. 

During the control (pretest) and exper¬ 
imental (posttest) tasks the time the 
programmers were logged into the 
Pyramid system was monitored. Copies of 
each of the programs were collected and 
stored on disk for later analysis. 


Results 

The data from the experiment were col¬ 
lected and t tests were conducted to deter¬ 
mine significant differences between the 
two group means on each of the dependent 
variables. A 0.10 probability level is con¬ 
sidered significant in this study (Basili and 
Reiter 9 used 0.20, while most behavioral 
scientists use 0.05). I 

The results of the pretest met the expec¬ 
tation that no significant differences 
would exist between the control and exper¬ 
imental groups in the pretest, with one 
exception. The experimental group wrote 
on average 1008 lines of source code in the 
pretest, while the control group wrote on 
average about 23 percent more lines of 
code (1316 lines) in the pretest. These mean 
values are significantly different at the 0.10 
level (t = 1.79; probability < 0.07). No 
significant differences were encountered 
on any of the other indicators of program¬ 
mer productivity, and the group means 


were not significantly different for pro¬ 
gram efficiency or quality of the source 
code in the pretest. 

The results of the posttest are presented 
in Table 1. Table 1 shows the group means 
for each of the indicators of program qual¬ 
ity, programmer efficiency, and program¬ 
mer productivity. The t values and 
probabilities that result from the t test for 
significant difference between means are 
presented along with the mean values. 

Table 1 indicates that in the posttest the 
experimental group was significantly less 
productive and produced less efficient pro¬ 
grams than the control group. Table 1 also 
shows that there was not a significant 
difference between the experimental and 
control groups in terms of the quality of 
the source code. 


Discussion 

In the pretest, the experimental group 
required about 23 percent fewer lines of 
code than the control group, yet in the 
posttest the experimental group wrote 
almost the same number of lines as the 
control group, indicating a decline in the 
quality of code produced by the experi¬ 
mental group, even though the means were 
not significantly different on the posttest. 
Using the design techniques, the experi¬ 
mental group produced code that was 
about 32 percent more modular than the 
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control group, and used about 16 percent 
more Ada statements than did the control 
group. Yet none of these differences sug¬ 
gest any significant difference in the qual¬ 
ity of the code produced by the control and 
experimental groups, indicating that the 
manual use of abstract data types and the 
corresponding delay in implementation do 
not have a statistically significant effect on 
the quality of the finished source code. 

In terms of programmer productivity 
and program efficiency, the experimental 
group required, on average, 46 percent 
more hours and 63 percent more days of 
programming at a rate of about 32 percent 
fewer lines of finished code per hour to 
produce a program that executed about 20 
percent more slowly than a similar pro¬ 
gram by a member of the control group. 

O bviously, the requirement that 
the members of the experimental 
group use abstract data types 
reduced productivity and the efficiency of 
the finished programs. This result suggests 
that when programming with abstract data 
types, programmers should use an auto¬ 
mated code generator to generate the 
details of the implementation of the 
abstract data type, instead of manually 
implementing the abstract data type at the 
expense of productivity and efficiency. □ 
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Reprogramming the Sieve of Eratosthenes 


Shahid H. Bokhari, in his article 
“Multiprocessing the Sieve of 
Eratosthenes” ( Computer , April, 1987), 
presented a version of the sieve as he 
had implemented it on a Flex/32 multi¬ 
processor. His algorithm is based on a 
two-level master/slave model where one 
master program gives prime numbers to 
slave programs to mark throughout the 
sieve which is kept in shared memory. 

In his article, Bokhari observes that 
“The time to run the algorithm 
decreases as the number of processors 
increases. However, there is no decrease 
in the running time beyond about six 
processors.” In other words, the algo¬ 
rithm was unable to harness the power 
of a truly parallel computer. 

While discussing the above algorithm 
with colleagues at CSI, Steve Lans- 
downe proposed a variation which is 
better adapted to a more nearly parallel 
machine. After refinement, Robert 
Cousins implemented the new algorithm 
on a CSI-150 multiprocessor which was 
subsequently run by Clark Wilkerson. 

As we anticipated, the new algorithm 
uses the parallelism of the machine in a 
much more efficient fashion than Bok- 
hari’s algorithm does. In fact, after sub¬ 
tracting the initialization time from the 
runtime, we found that, aside from a 
fixed cost per CPU, the total CPU time 
(number of CPUs x runtime) was con¬ 
stant (within experimental error), 
independent of the number of CPUs. 


The algorithm is based on one fact: 
the largest possible factor for a number 
N is \fN. This implies that if all prime 
numbers between 2 and \fN are known, 
it is possible to prove whether N (or any 
number smaller than N) is prime. To 
account for this fact, Bokhari’s algo¬ 
rithm limits the looping to the prime 


We had no problem 
outperforming Bokhari’s 
times using a simple C 
program with no register 
variables and a 
non-optimizing 
computer. 


numbers less than or equal to \f N (in 
his programs, typically 1000, since he 
commonly uses one million for his sieve 
size). We took our algorithm one step 
farther: We realized that once this table 
of primes is created, any interval 
between \f N and N can be sieved with¬ 
out any additional information to pro¬ 
duce a partial sieve. By assigning a 
separate portion of this interval to each 
CPU, we made the computation totally 
parallel in nature. 


The algorithm is 
Given: 

N = sieve size 

NS = square root of sieve size = 
\fN 

ncpus = number of parallel tasks to 
be executed 

cpuid = number of this task (from 0 
to total number of CPUs - 1) 

Step 1. Compute basic factors: 

NS = sfN 

range = (N — NS)/ncpus 
bottom = NS + (range x cpuid) 
Step 2. Sieve numbers from 2 to NS 
producing an array of primes and a 
count of primes in variable primecount. 

Step 3. Mark all numbers through the 
interval from bottom to bottom + 
range - 1 as prime. For /' = 1 to prime- 
count, repeat steps 4 and 5. 

Step 4. Make currentprime equal the 
next entry in the primes array. 

Step 5. Mark multiples of current- 
prime through the interval from bottom 
to bottom + range - 1 as composite. 
The sieve now contains all primes 
between bottom and bottom + range 

Our tests show that this algorithm 
improves speed proportionally as more 
processors are added. The fastest possi¬ 
ble speed is limited by the need for all 
processors to compute the primes 
between 1 and \fN. If this time is sub¬ 
tracted from the runtime of each 
processor, the total CPU time is con¬ 
stant for a given N independent of the 
number of CPUs. For CSI-4040 slave 
processors, this recomputation time is 
approximately .06 seconds for N = 
1,000,000. A 100-CPU system would 
therefore waste 6 CPU seconds for this 
recomputation. 

We ran our tests on a 20-CPU 
CSI-150 using CSI-4040 slave proces¬ 
sors which operate at approximately 2 
MIPs each. Unlike the Flex/32, the 
CSI-150 is optimized for I/O perform- 
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ance over CPU performance. As a 
result, it has not traditionally been 
offered to the scientific community. 

The accompanying table compares the 
results which Bokhari obtained using 
his algorithm and a Flex/32 to the 
results which we obtained using our 
algorithm and the CSI-150. 

The algorithm which we used 
assumes no shared memory, inter¬ 
processor communication, or synchro¬ 
nization. It can even be run serially on a 
single processor. The price for this ver¬ 
satility is that each parallel execution of 
the task must compute all primes 
between 2 and \fN (in this case N = 
1,000,000 and y r N = 1,000). While it is 
possible to initialize these values, one 
could argue that their inclusion would 
keep the algorithm from being a sieve. 
Even excluding them, we had no prob¬ 
lem outperforming Bokhari’s times 
using a simple C program with no regis¬ 
ter variables and a non-optimizing 
computer. 

Computations with larger sieves (per¬ 
haps on the order of one billion entries) 
would show even higher parallelism. 
When the number of segments is 
increased, the memory usage is reduced, 
allowing quite large jobs to be run with 
modest memory capacities at a low (lin¬ 


ear) increase in cost. Without modifica¬ 
tions, the algorithm requires at least 
\fN memory locations. For the one bil¬ 
lion entry sieve, only about 40K of data 
memory would be required: 31,623 
entries for the sieve, the remainder to 
store the primes between 1 and 31,623. 
A 500-CPU CSI-150 system could com¬ 
pute this value in approximately 10 
minutes; a 1000-CPU CSI-150 system 
would take approximately half that 
time. 

In conclusion, we agree with Bokhari 
that sieve programs are a reasonable 
measure of multiprocessor architec¬ 
tures. However, we believe that a more 
parallel sieve algorithm is required for 
general purpose machines. Our algo¬ 
rithm demonstrates that the power of a 
truly parallel computer can be har¬ 
nessed by a parallel sieve algorithm. We 
have spent no time researching this 
algorithm’s originality, generality, or 
universality. While we “invented” the 
algorithm, we acknowledge that it is 
quite possible that we are not the first 
to do so. 

Steven T. Lansdowne 
Robert E. Cousins 
D. Clark Wilkinson 
Commercial Systems, Inc. 



Pin this poster over your 
terminal and look the 
enemy right in the eye. 


Comparison of Algorithm Performances. 
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N/A 
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N/A 
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3.64** 

3.05 

2.61 

2.30 

2.04 

1.85 

0.41 

0.12 

0.09 
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Seconds 


32 

36 

36.40 

36.60 

36.54 

36.80 

36.72 

37.00 

41.00 

60.00 

90.00 


•Projected values based on partial runs. 

••Values before lOCPUs timed to the second. Other values based on 100 iterations timed to next highest 
second. 
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CALL The Computer Society of the IEEE 
““ Engineering in/Medicine and 
Biology Society of the IEEE 

UNIVERSITY OF /MINNESOTA 


Symposium on the 

Engineering of Computer-Based /Medical Systems 
June 8-10, 1988 • /Minneapolis, /Minnesota 


The symposium will explore the full range of issues and 
problems that emerge from the process of engineering 
computer-based medical systems. Of particular interest are 
papers in the following areas: 

• Software Quality Assurance. Including Validity and Standards 

• Reliability, Including/Modeling, Design, and Fault Tolerance 

•Regulatory Issues and Standards, Both Domestic and 
International 

• Expert Systems 

• Networking and Communication 

• /Medical Imaging and Graphics 

In addition to papers, there will be invited speakers, tutorials 
evening interest groups, and exhibits. 

A WorldMed ’88 Event 

This symposium is part of MMorlckMed '88, the second in a 
biannual series of major conferences in/Minnesota focus¬ 
ing on medical technology and the healthcare industry. 

/Meeting concurrently in the/Vlinneapolis Hyatt Regency are 
conferences on (1) biomedical technology transfer and (2) 
competitive business strategies in the healthcare industry. 

Registration for one component of M/orlcM/ed '88 provides 
entrance to all three, and to a general exhibit floor. 

Requirements for Submission 

^h^ + °f P,eS ° f Pap ! rS ° re due December 2 - 1<? 8 7 - Those who wish to submit an "early bird" abstract should 
4 St? of C n^ <2S t V ° ctob ? r J°- Quests for full papers from abstract submissions will go out November 
4. Letters of acceptance will be mailed January 13,1988. Camera-ready copy will be reauired /March 

£ ^ PU “?*? ’ he Proceeding/fo, InKrSlo^cSS 

So Qt ! CC papers t0 Dr Bart Galle Continuing/Medical Education. Box 202 LM4HC 

420 Delaware Street S.E.. /Minneapolis. /MN 55455; Telephone (612) 626-5525. 


Symposium Committees 

EXECUTIVE COVM/IITTEE 

Dr. John Long 

Department of Surgery 
University of/Minnesota 
2829 University/Avenue S.E. 
/Minneapolis./MN 55414 
(612)627-4850 
Dr. Troy Nagle 

North Carolina State University 
Raleigh, NC 
(Representing IEEE CS) 

Dr. Al Potvin 
Eli Lilly & Company 
Indianapolis, IN 
(Representing IEEE EAABS) 

PROGRAA/I CHAIRA/1EN 

Dr. Tim Kriewall 

3M Company 
St. Paul./MN 

Dr. Aiax Gortner 

Unisys 

St. Paul, /MN 

/Mr. Greg Sachs 

Biomedicus 
Eden Prairie/MN 

COOPERATING ORGANIZATIONS 

Region 7 IEEE 

Twin Cities Chapters of CS, EAABS 
IEEE CS Technical Committee on 
Computational /Medicine 
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STANDARDS 


Editor: Helen M. Wood, National Bureau ot Standards, B154 Technology, Gaithersburg, MD 20899; (301) 975-3240. 

OSInet tests are successful 


Thirteen vendors and users success¬ 
fully completed a series of tests across 
OSInet, the experimental computer net¬ 
work for Open Systems Interconnection 
standards. The series of tests was coor¬ 
dinated by the Commerce Department’s 
National Bureau of Standards. 

Twenty-two computer users and ven¬ 
dors are participating in the OSInet test¬ 
ing program. The participants have 
developed protocols that implement 
OSI standards. To demonstrate that 
these protocols are compatible, each 
participant is required to run three sepa¬ 
rate tests with at least five other par¬ 
ticipants. The thirteen organizations 
that participated in the recent tests were 
able to access, transfer, and manage 
files, thus demonstrating that their OSI 
systems could work together. 

The OSI standards make it possible 
for different manufacturers’ equipment 
and systems to communicate through 
networks. The standards are derived 
from agreements reached at a series of 
ongoing workshops sponsored by NBS. 
These workshops involve more than 200 
computer manufacturers, semiconduc¬ 
tor manufacturers, word processing 
vendors, process control vendors, com¬ 
munications carriers, and industry and 
government users. 


The twenty-two participants in the 
OSInet testing program are AT&T, 
Boeing Computer Services, Charles 
River Data Systems, Defense Commu¬ 
nications Agency, Defense Logistics 
Agency, Department of the Navy, Digi¬ 
tal Equipment Corporation, General 
Motors Corporation, Hewlett Packard, 
Honeywell Bull, IBM, International 
Computers Ltd., Mitre Corporation, 
National Bureau of Standards, NCR, 
Retix, Sun Microsystems, Analytic 
Sciences Corporation, Unisys, US 
Department of Agriculture, Wang 
Laboratories, and Wollongong Group. 

OSInet participants are currently test¬ 
ing gateways developed by NBS to 
allow electronic mail communication 
and file transfer between the Depart¬ 
ment of Defense protocols and OSI pro¬ 
tocols. OSInet participants are also 
testing message handling system pro¬ 
tocols specified in the CCITT X.400 
standards. 

Organizations that wish to participate 
in more limited testing of OSI protocols 
are invited to submit proposals to Ger¬ 
ard Mulvenna, ICST, B217 Technology 
Bldg., National Bureau of Standards, 
Gaithersburg, MD 20899; (301) 
975-3631. 


IEEE Standards Board actions 


At its June meeting, the IEEE Stan¬ 
dards Board approved eight new Com¬ 
puter Society standards projects. These 
projects are 

• P1003.4, Real Time Posix 
Extensions; 

• PI 149, Testability Bus Specifi¬ 
cation; 

• PI 151, A Standard for Modula II: 
A Modular High Level Program¬ 
ming Language; 

• PI 152, A Standard for an Object 


Oriented Programming Language 
and Environment; 

PI 154, A Standard for Program 
Instruction Learning or Teaching; 
PI 155, A Standard for High Speed 
Backplane Instrumentation Bus 
Structure; 

' PI 156, A Standard for Connectors 
and Mechanical Packaging for 
High Reliability Bus Structures; 
and 

» P1496, Rugged Bus: A Standard 


Why is there so much interest in standards? What are the issues— 
economic, technical, political—involved? Who are the players? These are 
among the topics that will be considered in the Standards Department. 

Short articles on standards-related topics are sought for publication in this 
department. For details regarding scope and length, contact the department 
editor at the address given above. 


New Tools Task Force 
invites participation 

The Computer Society’s Technical 
Activities Board has announced the for¬ 
mation of a task force chartered to pro¬ 
vide tool-related services to individuals 
and organizations developing hardware 
and software products. Within the task 
force, working groups will be estab¬ 
lished to pursue two startup activities: 
development of hardware and software 
tool interface standards and develop¬ 
ment of a tools inventory service. 

Three standards activities are getting 
under way now. The standards include 

(1) a standard for the interface 
between requirements definition tools 
and design tools; 

(2) a standard for the interface 
between requirements definition and 
testing tools; and 

(3) a standard for an engineering 
database scheme with which other tools 
may interface. 

In the proposed inventory service, 
vendors would enter data about tools 
they offer directly into a main database 
via dial-up telephone service. Inventory 
service users could dial up the system 
and query it for specific tool informa¬ 
tion by entering requirements into a fill- 
in-the-blank screen. Names and descrip¬ 
tions of the vendor-reported tools that 
matched the query would be provided 
to the user on the screen or in hard copy. 

For more information, contact 
Robert Poston, Programming Environ¬ 
ments, 4043 State Hwy. 33, Tinton 
Falls, NJ 07753; Compmail+ r.poston. 


for a Very High Reliability Bus 
Structure. 

The board also approved five com¬ 
pleted standards documents. These 
newly approved standards documents 

ar * 802.3E, LAN: Physical Sig/Med 
Attch/Baseband Med/1BASE5; 

• 896.1, FutureBus Backplane Bus; 

• 1101, Mechanical Core Specifica¬ 
tions for Microcomputers; 

• 1196, Simple 32-bit Backplane Bus; 
and 

• 1296, Full Feature 32-bit Backplane 
Bus. 

Eighty-six Computer Society groups 
are currently working on standards. 
Forty standards have been approved. 

For more information contact Louise 
Germani, IEEE Standards Office, 345 
E. 47th Street, New York, NY 10017; 
(212) 705-7670. 
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New York IEEE launches consultants’ network 


The New York section of the Institute 
of Electrical and Electronic Engineers 
formed the Consultants’ Network to 
help IEEE members who are self- 
employed consultants and to help 
industry by keeping a database of con¬ 
sultants who are IEEE members. 

The network aims to inform members 
of the requirements and necessary steps 
in setting up a consulting practice. It 
sponsors meetings, seminars, and other 
activities. 

The database includes over 100 peo¬ 
ple now. It indicates type of consultant 
by background and specialty. 


The IEEE awarded its 1987 Engineer¬ 
ing Leadership Recognition to Andrew 
S. Grove, president and chief executive 
officer of Intel Corp., at the 1987 
Honors Forum luncheon and reception 
on June 20 in Los Angeles. Dr. Grove 
was honored “for leadership in 
developing exemplary management and 
manufacturing practices, and for out¬ 
standing entrepreneurship in the semi¬ 
conductor industry.” He is credited 
with setting up the semiconductor oper¬ 
ations at Intel and employing processes 
that became and have remained a model 
for the industry. 

Two international corporations 
received the 1987 Corporate Innovation 
Recognition from the IEEE. IBM was 
cited “for the innovative development 
and expansion of the magnetic disk 
storage concept for computers.” Sony 
was cited “for the development and 
effective application of high technology 


The network began operation in 
1986. The initial announcement of 
activities drew more than 50 parti¬ 
cipants. Since then, the group has 
drawn up a charter of activities and an 
operational manual, and begun regular 
meetings. Topics have ranged from the 
experiences of independent consultants 
to the role of the Small Business Ad¬ 
ministration in helping entrepreneurs. 

Those interested in the Consultants’ 
Network should contact Marty Izaak at 
Forward Management, (212) 586-0909. 


to consumer and industrial products.” 

Computer Society member Robert A. 
Henle of IBM received the Edison 
Medal for “sustained leadership in, and 
individual contributions to, the science 
and technology of semiconductor cir¬ 
cuits for computing systems. Henle is 
Director of the interdivisional 
Advanced Silicon Technology Labora¬ 
tory at IBM. 

Computer Society member Paul C. 
Lauterbur received the 1987 Medal of 
Honor for discovering the process of 
magnetic resonance imaging. He is a 
professor at the College of Medicine 
and Director of Magnetic Imaging 
Research at the University of Illinois at 
Urbana-Champaign. He is also 
affiliated with the Center for Advanced 
Studies and the Department of Chemis¬ 
try at the university. He also holds the 
position of Adjunct University Profes¬ 
sor at SUNY Stony Brook. 


Bitnet incorporates, 
elects officers 

Bitnet, an international computer 
network for higher education, recently 
incorporated. According to Ira Fuchs, 
elected president of the Board of 
Trustees, the move recognizes the net¬ 
work’s growth and provides a business 
and legal status that people can under¬ 
stand. Fuchs said that the incorporation 
will have no direct effect on users 
except to increase the network’s busi¬ 
ness and administrative effectiveness. 

Bitnet was established in 1981 with a 
leased line connecting the City Univer¬ 
sity of New York and Yale University. 
The network added its thousandth com¬ 
puter in May and now connects over 
300 colleges, universities, and research 
institutions in the US and abroad. It 
boasts a user population of more than 
half a million people. 

The three-year, $2 million IBM grant 
for Bitnet expired last December. 

Shortly before, Bitnet Institutional 
Representatives approved a charter that 
established the 11-member Bitnet 
Executive Committee as the official 
governing body for the network. The 
committee created a membership and 
fee structure to support the Bitnet Net¬ 
work Information Center (Bitnic). Bit- 
nic is operated by Educom, a nonprofit 
consortium of 500 colleges and universi¬ 
ties founded in 1964. 

Bitnet’s bylaws, based on the earlier 
charter, stress the network’s founding 
goal: to maintain and promote the 
interconnectivity of scholars around the 
world. 

For more information on Bitnet, con¬ 
tact the Bitnet Network Information 
Center, PO Box 364, Princeton, NJ 
08540; (609) 734-1878. 


IEEE recognizes industry and individuals at 
1987 Honors Forum 


IEEE cosponsors first meeting of Technology Policy Study Task Force 


The United States Activities Board of 
the IEEE in conjunction with the Tech¬ 
nology Policy Study Task Force 
cosponsored the first meeting of the 
Technology Policy Study Task Force of 
the United States House of Representa¬ 


tives Science, Space, and Technology 
Committee. 

The task force held its first meeting 
on May 20 to hear a presentation on the 
impact of technology by Brook Hindle, 
historian emeritus of the National 


Museum of American History. 

The task force was formed to exam¬ 
ine factors necessary to sustain 
America’s technological efforts and to 
guide Congress in its debates on the 
merits of a technology policy. 
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HA and ADAPSO plan to form joint task force 


The boards of directors for the Infor¬ 
mation Industry Association and 
ADAPSO, the computer software and 
services industry association, resolved 
on June 22, 1987 to establish a joint 
task force to investigate a possible 
merger between the two associations. 

According to the resolution approved 
by the two boards, the task force will 
explore the positives and negatives of a 
merger and, if feasible, will develop by 
December 1, 1987 a proposal for the 
merger of the two associations. 

The task force will consist of 18 peo¬ 


ple, 9 from each group. 

IIA has more than 500 members and 
operates three divisions: database and 
publishing, electronic services, and 
financial information services. It also 
has two councils: public policy and 
government relations and management 
and technology. ADAPSO represents 
more than 950 firms and has six sec¬ 
tions: microcomputer software, 
network-based information services, 
processing services, professional ser¬ 
vices, software products, and value- 
added remarketer. 


ISSA supports computer 

The Information Systems Security 
Association is a nonprofit organization 
that fosters support, education, profes¬ 
sionalism, exchange of ideas and infor¬ 
mation, and services for computer 
security specialists, according to Micki 
Krause, president of the Orange County 
ISSA. 

The organization has established 
chapters in the US, and security 
specialists in other countries have 
expressed interest in making the ISSA 
an international association. 

According to Richard V. Rueb, ISSA 
Executive Director, the association 
plans to hold its 5th Annual ISSA 


security specialists 

Working Conference in March of 1988. 
The ISSA also plans to participate in 
conferences held in New York at the 
Jacob Javits Convention Center, Sep¬ 
tember 29 to October 2, 1987, and in 
San Francisco at the DPMA confer¬ 
ence, November 2-4, 1987. 

The ISSA chapters generally hold 
monthly meetings. A one-day confer¬ 
ence will be held September 16, 1987 at 
the Long Beach Marriott Hotel in 
California. 

For more information on the ISSA, 
contact Richard V. Rueb, PO Box 
10246, Newport Beach, CA 92658; 
(714) 854-0444. 


Hong Kong Computer 
Society joins ICCP 

The Hong Kong Computer Society 
has joined the Institute for Certification 
of Computer Professionals as of the 
May 21, 1987 meeting of the ICCP 
Board of Directors. 

Richard K. Li, president of the Hong 
Kong Computer Society, said that rea¬ 
sons for joining the ICCP include infor¬ 
mation exchange, synchronization with 
North American certificate standards, 
and promotion of fraternity among 
Hong Kong and American practi¬ 
tioners. 

The Hong Kong Computer Society 
was founded in 1970. It currently has 
over 2200 members. It is a founding 
member of the South East Asia 
Regional Computer Federation 
(SEARCC) and a regional member of 
the International Federation for Infor¬ 
mation Processing (IFIPS). 

ICCP is a nonprofit umbrella organi¬ 
zation representing 14 computer socie¬ 
ties. Founded in 1973, it tests and 
certifies knowledge and experience of 
information processing personnel. 

ICCP administers four examinations: 
the associate computer professional 
(ACP), certified computer programmer 
(CCP), certified data processor (CDP), 
and certified systems professional 
(CSP). 

For information on examinations, 
contact the ICCP at 2200 E. Devon, 
Suite 268, Des Plaines, IL 60018; (312) 
299-4227. 


'Hade sanctions may hurt industry 


David Methe of the Rochester Insti¬ 
tute of Technology asserts that US trade 
sanctions against Japanese products 
may in the long run injure the industry 
they were designed to help. He warns 
that protection of the semiconductor 
industry thwarts incentives within the 
industry to become truly competitive. 

According to Methe, the semiconduc¬ 
tor industry in the US is undergoing the 
shake-out normal to a maturing indus¬ 
try. He says that now is not the time to 
make such firms sluggish about 
addressing internal problems that limit 
their ability to compete. 

Methe recommends integration of 
technological changes and technology 
for individual companies, plus broader 
steps: industry-wide planning, tax 
benefits for individuals, training and 
aid to education, cooperation in 


research and development, and tax 
benefits for R&D and capital expen¬ 
ditures. 

Methe is the recipient of the J. War¬ 
ren McClure Research Professorship in 
Marketing at RIT. He teaches courses 
in the management of technology, inte¬ 
grated business analysis, and interna¬ 
tional comparative management at 
RIT’s College of Business. 

Methe’s primary research has been in 
the strategic management of technol¬ 
ogy, and the impact of technology 
strategy on markets and the survival of 
individual companies. 

He has served as a consultant to the 
Nomura Research Institute in 
Kamakura, Japan, and the Local 
Authorities Systems Development Cen¬ 
ter in Tokyo. 


Bartholet given 1986 
Jean Vertut Award 

Stephen J. Bartholet, designer of the 
ODEX I six-legged walking robot, 
received the 1986 Jean Vertut Award 
from Robotics International of the 
Society of Manufacturing Engineers. 

Bartholet received the first Jean Ver¬ 
tut Award for his development of 
ODEX I. He created ODEX I’s 
algorithms, performed mechanical 
design analysis, and conceived its 
innovative leg mechanisms. 

Bartholet is a senior staff engineer at 
Odetics of Anaheim, California. 

David Nyman, RI/SME’s Remote 
Systems Division Past-Chair, presented 
the award on April 29, 1987 in Chicago 
during the Robots 11 Conference and 
17th International Symposium on 
Industrial Robots. 


August 1987 


95 




5X£ NEWS 


Editor: Sallie Sheppard, Dept, of Computer Science, Texas A&M University, College Station, TX 77843; (409) 845- 


Scope of renamed Technical Committee on Data Engineering revised 

Sushi/ Jajodia, Naval Research Laboratory 

Won Kim, Microelectronics and Computer Technology Corp. 


At its June meeting in Chicago, the 
Computer Society Board of Governors 
approved changing the name of the 
Technical Committee on Database 
Engineering to the Technical Commit¬ 
tee on Data Engineering. 

The board also revised the scope of 
the Technical Committee to focus on 
the role of data in the design, develop¬ 
ment, management, and utilization of 
information systems. 

The TC is concerned with such areas 

• knowledge about data and its 
processing, languages to describe 
such metadata and define, access, 
and manipulate databases, 

• strategies and mechanisms to pro¬ 
vide data access, security, and 
integrity control, and 

• engineering issues comprising 
architectures, systems, and compo¬ 
nents to provide data services 
within centralized and distributed 
systems. 

These are exciting times for members 
of the data engineering community. 

Part of the excitement comes from the 
realization that the database field is 
coming of age. The theory dealing with 
the traditional aspects of databases is 
showing signs of maturity and, on the 
practical side, commercial versions of 
several research prototypes have 
become available. 

At the same time, database technol¬ 
ogy is rapidly evolving with the ever- 
increasing demand for constructing 
large, complex information systems 
encompassing different application 
areas such as office systems, computer- 
aided design systems, heterogeneous 
databases, knowledge bases, temporal 
databases and, in general, the manage¬ 
ment of multimedia information (voice, 
text, images, graphics, audio, etc.). 


This widening scope underscores the 
importance of continuing research and 
development in this field. 

We’d like to outline some areas of 
current research that will have a strong 
influence on the development of a new 
generation of data management 
systems: 

• Integration of database technology 
with programming languages, primarily 
those of the logic-based and object- 
oriented variety, by the addition of per¬ 
sistence and sharability to logical enti¬ 
ties created and manipulated in the 
programming languages, and by the 
provision of a seamless interface 
between the programming languages 
and database systems. 

• Downloading of a large number of 
complex and time-consuming book¬ 
keeping functions. These include ver¬ 
sion control, change notification, and 
long-duration transaction management, 
from important data-intensive applica¬ 
tions and application systems, primarily 
from such domains as artificial intelli¬ 
gence, computer-aided design and man¬ 
ufacturing, and office information 
systems that manage multimedia 
documents. 

• Database support in distributed sys¬ 
tems. Such issues as concurrency con¬ 
trol, recovery, query optimization, 
database partition, and replication have 
been subjects of extensive research. A 
few commercially distributed database 
systems have recently been announced; 
however, most of the work has been 
concentrated on homogeneous dis¬ 
tributed systems. Various issues in het¬ 
erogeneous distributed databases are 
only beginning to be addressed. 

• Continued efforts to meet the ever- 
increasing throughput requirement in 
conventional transaction processing 
applications. Research in database 


operating systems aims to alleviate 
inefficiencies that arise from mis¬ 
matches between database system 
requirements and features supported in 
conventional operating systems. Dedi¬ 
cated database machines based on mul¬ 
tiprocessor and/or parallel processor 
architecture have been designed to 
improve transaction throughput. The 
current rapid advances in computer 
hardware technology have generated 
considerable interest in exploiting them 
in database system architectures, for 
example, very large and inexpensive 
main memory and mass storage. 

The committee has the charter to 
advance the state of knowledge in this 
important area. To this end, it has 
cosponsored many exciting professional 
activities. In particular, it is the major 
sponsor of the annual IEEE Interna¬ 
tional Conference on Data Engineering. 
The fourth conference in this series will 
be held February 2 to 4, 1988, in Los 
Angeles. 

The TC also publishes a quarterly 
bulletin, “Data Engineering” (formerly 
“Database Engineering”) with Dr. 

Won Kim as its current editor-in-chief. 

It provides a forum for speedy publica¬ 
tion of short articles detailing current 
research and development work in the 
data engineering area and, although the 
submissions to DE are not subject to a 
formal review process, it has established 
a reputation as a timely and useful pub¬ 
lication for researchers as well as practi¬ 
tioners and has become a model for 
publications of some other TCs. 

DE started publishing in December 
1982 with an issue on database machines. 
Other topics covered in the past 
included physical database design, engi¬ 
neering design databases, query optimi¬ 
zation, distributed database systems, 
databases in Japan, highly available 
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systems, office information systems, 
expert systems, statistical databases, 
multimedia databases, database design 
aids, database system performance, 
concurrency control and recovery, natu¬ 
ral language interface to database sys¬ 
tems, object-oriented databases, high- 
performance transaction systems, infor¬ 
mation resource management, and 
database operating systems. 

Past issues (Volumes 1-4) may be 
obtained by writing to the Computer 
Society Press of the IEEE, which annu¬ 
ally assembles the issues and publishes 
them as bound volumes. 

In 1987, the topics being covered in 


DE include database support for soft¬ 
ware engineering systems, extensible 
database systems, federated database 
systems, and logic-based database sys¬ 
tems. Topics we have selected for cover¬ 
age in 1988 include mass storage trends, 
system architectures for high transac¬ 
tion rate, non-first normal relational 
databases, and main-memory 
databases. 

DE has also served as a venue for 
some of the state-of-the-art reports 
presented at workshops cosponsored by 
the TC. Selected papers from several 
workshops, including the second Inter¬ 
national Workshop on Statistical Data¬ 


bases in September 1983, the Workshop 
on High-Performance Transaction Sys¬ 
tems in September 1985, and the Work¬ 
shop on Information Resource 
Management in October 1985, have 
been organized as special DE issues. 

Membership in the TC is free; appli¬ 
cation forms requesting membership are 
available from the Computer Society of 
the IEEE. 

For additional information, contact 
the chair of the Technical Committee 
on Data Engineering, Sushil Jajodia, 
Naval Research Laboratory, Code 
5594, Washington, DC (nrl-css.arpa). 


Board of Governors 
salutes Gerrie Katz 


Gerrie P. Katz, conference registrar 
in the conferences department of the 
Computer Society’s headquarters office 
in Washington, DC, has retired after 
more than 10 years of Computer Society 
service. 

During her career with the society, 
Katz became known as one of the pil¬ 
lars of its strength and an invaluable 
asset to her volunteer and staff col- 


In recognition of her years of dedi¬ 
cated service to conference and other 
society activities, the Board of Gover¬ 
nors presented her an engraved plaque 
bearing a resolution it passed. 

“The board,” reads the plaque, 
“appreciates Gerrie’s contributions to 
the society through her unstinting ser¬ 
vice to the volunteer leaders and mem¬ 
bers, and her devotion to the goals of 
the organization throughout her 10 
years of staff service.” 

Her first assignment with the society 
was as a part-time secretary in 1976. 



Gerrie Katz (center) displays the Computer Society Board of Governors plaque she 
received from William R. Habingreither (left), director of conferences and 
tutorials, and T. Michael Elliott, executive director. 
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News from the Committee on Public Policy 

The fate of the Information Age Commission lies in our hands 


Richard Frary, Chair, Technology Transfer Subcommittee 


The Computer Society’s Committee 
on Public Policy has been closely fol¬ 
lowing the activities associated with the 
“Information Age Commission” bill 
(S.786) which passed the US Senate in 
1986 but didn’t make it through the 
House. We expected it to be rein¬ 
troduced in the 100th Congress, but so 
far it has not seen the light of day. 

The driving force behind it on the 
part of the professional societies 
(AFIPS, IEEE, etc.) is fading, partly 
because the funding for the commission 
would have to be borne by the private 
sector, and partly because the societies 
have not agreed on a position. More¬ 
over, the societies have not assembled 
their resources to press for the establish¬ 
ment of such a commission. 


Computer hardware is getting ever 
faster and more powerful, but the pro¬ 
grams to run the machines haven’t kept 
pace. Many tout parallel-processing 
programs as the key to unlocking the 
machines’ power, but this software 
technology lags far behind the 
hardware. 

To push the software technology for¬ 
ward, C. Gordon Bell, the director of 
the National Science Foundation’s 
Computer and Information Science and 
Engineering Directorate, has put up 
$20,000 of his own money to fund 
awards for faster parallel-processing 
software. 

In an interview with IEEE Software, 
Bell proposed awarding two $1000 
prizes annually for the next 10 years. 
The awards will be presented to the per¬ 
son or team that demonstrates the 
greatest speedup on a multiple- 
instruction, multiple-data (MIMD) par¬ 
allel processor. 

Bell’s administration of the NSF’s 
computer science programs has been 
criticized for favoring hardware over 
software. In the interview, Bell answers 
his critics and says future NSF research 
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The original bill, introduced by Sena¬ 
tors Nunn (D-GA) and Lautenbertg (D- 
NJ) on February 18, 1985, was 
enthusiastically welcomed by some 
trade associations, and discussed by 
both the IEEE USAB and the CS 
COPP since it asserted a purpose we all 
could agree with. The objectives were 

(1) to create a forum for discussion 
and targeted research on the present 
and future impact of computer and 
communications systems on our nation 
and its citizens, and 

(2) to present critical alternative views 
and choices to the President, Congress, 
and the general public so that such 
views and choices could serve as 
catalysts for change, if necessary, and 
maximize the benefits of the Informa- 


will focus on parallel and distributed 
software. The NSF’s research grants 
often set the tone for other, nondefense 
research. 

The awards will be administered by 
IEEE Software. According to editor-in- 
chief Ted Lewis, this year’s entries will 
be judged by Alan Karp of IBM’s Palo 
Alto Scientific Center, Jack Dongarra 
of Argonne National Laboratory, and 
Ken Kennedy of Rice University. 

One award will be for the most 
speedup on a general-purpose, MIMD 
processor, the other for the most 
speedup on a special-purpose MIMD 
processor. To qualify for the 1987 
awards, contestants must submit 
documentation of their results by 
December 1, 1987. Winners will be 
announced in the March 1988 issue of 
IEEE Software. 

Contest details and rules are available 
by writing to: Gordon Bell Award, 

IEEE Software, 10662 Los Vaqueros 
Circle, Los Alamitos, CA 90720-2578. 

IEEE Software is published 
bimonthly by the Computer Society of 
the IEEE. 


tion Age to our society. 

The reasons for establishing a com¬ 
mission to gather and disseminate such 
alternative views was also something we 
could agree on, namely: 

(1) Computers and communications 
systems are affecting the manner in 
which business, education, and govern¬ 
ment operate, the manner in which our 
nation’s security and world trade are 
carried out, and even the way its 
citizens conduct their daily lives. 

(2) The rapid pace of technological 
change and the complexity of issues 
involved with respect to computers and 
communications systems have not been 
brought to the attention of the Ameri¬ 
can public which, consequently, has lit¬ 
tle understanding of their impact on 
individual lives. This impact has never 
been analyzed in toto. 

While Congress has, as they come up, 
begun to address individual issues such 
as intellectual property rights, computer 
education, computer crime, and 
privacy, the object of the commission 
was to have provided a comprehensive 
and systematic study of the Information 
Age and to make the results of the 
study available to the general public and 
citizen agencies. 

The original bill carried a budget line 
item of $3 million for two years. When 
it passed the Senate in 1986, the funding 
was removed and it appeared as though 
the private sector, namely the interested 
industries, was going to have to pick up 
the tab. In addition, the bill only called 
for three representatives of industry for 
membership on the commission; the 
rest of the members were to come from 
Congress, the President, the States, 
labor, and academe. Industry wondered 
why it should pay for the study if it 
would not have more influence in guid¬ 
ing the course of the commission. 

Thus, industry has approached this 
initiative cautiously. It is sensitive to 
government regulations in the form of 
financial reporting, export controls, tar¬ 
iff wars, and the classification of 
exportable information. Perhaps the 
benefits to be derived from the study 
were not perceived to merit the commit¬ 
ment required of industry. Conse¬ 
quently, there is no clamor from 
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industry for the reintroduction of the 
bill. 

There should be no doubt that this 
issue needs to be studied and reported 
to the American public. Because of its 
importance to the citizenry, Congress 
should initiate an effort to achieve an 
acceptable compromise between indus¬ 
try’s needs and the public’s needs to 
move this issue to the front burner. 

Also, because of its wide-ranging 
influence, we submit that professional 
and business societies representing com¬ 
munications and computer interests 
should organize their efforts to present 
a united position, to assemble the 
resources necessary to offset the lobby¬ 
ing efforts of those opposing the issue, 
and to educate the indifferent public to 
the need for this study. 

As Dr. Ben Matley, co-author of the 
forthcoming book, National Computer 
Policies, wrote: 

The US has bought for itself a losing 
position in high technology because 
the US has chosen no position. I 
believe that we must objectively and 
openly acknowledge the national 
computer policies of nations and 
devise some explicit policy and goals 
of our own. 

We are adrift in some daydream 
that our past greatness came by acci¬ 
dent, without explicit planning. We 
have forgotten that our great public 
education systems did not naturally 
evolve by chance or natural selection. 
They came about from 1862 legisla¬ 
tion named the Morrell Land Grant 
Act. In like manner, our industries 
and coast-to-coast railroads came 
about through explicit plans, fol¬ 
lowed by explicit actions in support 
of those plans. 

Members of the Computer Society 
should begin to take an active interest in 
the societal issues of computing. We 
should ask Congress or the President to 
create an Information Age Commission 
and fund it on its own. The future of 
our country should be worth the $3 mil¬ 
lion that would have to be expended. 

How much are the hearings on the 
Iran-Contra matter costing? What will 
the country gain from them? Congress 
understands a “scam” when it sees one, 
but it does not recognize the Informa¬ 
tion Age, nor does it understand it. This 
makes it even more important that Con¬ 
gress learn what the Information Age 
will bring so that it can adequately pre¬ 
pare our nation. 

Please circle 195 on the reader 
response card if you are interested in 
participating in the activities of the 
Computer Society’s Committee on Pub¬ 
lic Policy. 


TAB ponders visibility, effectiveness of 
technical committees 


The Technical Activities Board of the 
Computer Society considered ways of 
improving the visibility of the technical 
committees and increasing their effec¬ 
tiveness in serving the needs of society 
members when the board held meetings 
June 16 and 17 in Chicago. 

The society’s vice chair for technical 
activities, Ken Anderson, presented a 
TAB model for the 1990s giving the 
technical committees more broadly 
focused technical interest areas. He pro¬ 
posed that each technical area be com¬ 
posed of four to seven working groups. 

Several reorganization schemes are 
being considered, based on the prelimi¬ 
nary results of the self assessment cur¬ 
rently being conducted by the Planning 
and Marketing Committee chaired by 
Ned Kornfield. 

Five of the seven task forces estab¬ 
lished to address topics of current 
interest to technical committee members 
held meetings on June 17 and reported 
their status to TAB. 

The Task Force on Computer Society 
Participation in the Global Change Pro¬ 
gram, chaired by Bernard T. O’Lear, is 
investigating the possibilities and 
methodologies through which the soci¬ 
ety would become a partner in the 
Global Change Program. This multina¬ 
tional, long-term interdisciplinary 
research effort focuses on interactions 
between the earth’s geosphere and 
biosphere. 

The Computers and Artificial Intelli¬ 
gence Task Force is being organized to 
coordinate and strengthen the activities 
of the technical committees in this 
rapidly evolving technology. Those 
interested in participating should con¬ 
tact task force chair Robert Haralick. 

The Teleconferencing Initiatives TF, 
co-chaired by Paul Hazen and Jon But¬ 
ler, is organizing a satellite symposium 
that will overview the state of the art in 
several technological areas. Plans are 
underway to hold the first program, 
sponsored by six TCs, in about a year. 

The TF on Evaluation and Selection 
Criteria, chaired by Robert Poston, was 
put in charge of writing a charter to 
cover the development of a tool tax¬ 
onomy and a criteria and methodology 
for tool evaluation. 

The Standards Development Proce¬ 
dure TF, chaired by Allen Hankinson, 
suggested that TAB, as a whole, con¬ 
sider sponsoring standards activities. A 
vote of TAB indicated a preference that 
standard activities continue to be led by 
a single TC as in the past, but that inter- 
TC activities be encouraged. 


The remaining two TFs, Computers 
in Manufacturing and Computers in 
Education, did not report at the June 17 
meeting. However, the Computers in 
Education TF held its first meeting at 
the National Education Computer Con¬ 
ference in Philadelphia June 25. 

The results of a membership survey 
conducted by the TAB Planning and 
Marketing Committee were presented. 

It was found that TAB is an unknown 
entity and that, in the opinion of a ran¬ 
dom sample of Computer Society 
volunteers, TCs are generally not func¬ 
tioning well. Specific ideas explored at 
the meeting for increasing visibility 
included the development of a brochure 
describing the activities of the various 
TCs and TFs associated with the TAB 
and adopting a streamlined procedure 
for speeding distribution of newsletters 
to members. 

The membership survey is the first 
phase of a TAB self-assessment study 
that also covers financial and vitality 
issues. A financial workshop, held on 
June 18, focused on assisting TC chairs 
in planning and budgeting. 

Since the Computer Society Board of 
Governors has approved the charging 
of dues to TC members, several TCs are 
considering instituting charges to defray 
the expenses of their publications. The 
TC on Data Engineering, for example, 
publishes a quarterly 60-page bulletin. 

The activities of three TCs which are 
either new or undergoing revitalization 
were spotlighted in a session organized 
by Jon Butler. 

The TC on Computer and Display 
Ergonomics, which was created three 
years ago, has published its first news¬ 
letter and is working on organizing a 
conference session. The VLSI TC now 
has some 1400 members and sponsors a 
yearly workshop focused on industry 
developments. 

The Microprocessors and Microcom¬ 
puters TC has emphasized standards 
activities in the past and is now active in 
pursuing interdisciplinary activities 
between TCs. 

TAB is composed of the chairs of the 
33 TC committees as well as the chairs 
of special TFs and operational commit¬ 
tees. Membership on the TCs is open to 
all members of the Computer Society. 
Through TAB, the TCs provide techni¬ 
cal input and guidance to the entire 
membership. 

TAB’S next meeting will be held 
October 27 and 28 in Dallas in conjunc¬ 
tion with the Fall Joint Computer Con¬ 
ference. 
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Board proposes bylaws amendments 


At its meeting in Chicago June 19,1987, 
the Board of Governors of the Computer 
Society passed, for the first time, several 
amendments to the society’s bylaws. The 
changes were recommended to the board by 
the Constitution and Bylaws Committee 
chaired by Edward A. Parrish, Jr., 
president-elect. 


The proposed text of the sections involved 
in these changes is published here along with 
their current wording in the bylaws. In the 
proposed version, presented here for your 
review, new or rearranged material is printed 
in italics. Material proposed for deletion is 
set off by brackets. 

Member comments are solicited. Please 


send them to Edward A. Parrish, Jr., Chair, 
Constitution and Bylaws Committee, Com¬ 
puter Society of the IEEE, 10662 Los 
Vaqueros Circle, Los Alamitos, CA 90720. 

The Board of Governors is expected to 
vote on these changes at the coming board 
meeting on October 30 in Dallas. 


Board Candidate 
Qualifications 

The board wished to assure that each of 
the elected members of the Board of Gover¬ 
nors was actively involved in the affairs of 
the society and thus created an additional 
qualification for board candidates. A sen¬ 
tence is to be added as follows: 

Article II, Section 3 (2) 

Current wording. The nominee must 
affirm willingness and availablity to serve. 

Proposed wording. The nominee must 
affirm willingness and availability to serve. 
In addition, each nominee must agree to sig¬ 
nificant involvement in the Society activities 
such as chairing a committee, serving as an 
editor-in-chief, a Society representative, etc. 


Franchised Members 
of the Board 

In order to better define some of the 
responsibilities of its own members, the 
board added a new section to the bylaws. 
Article III, Section 12 

Proposed wording. Franchised Members 
of the Board are the primary policymakers 
of the Society and, thus, shall have access to 
information relative to proposing and alter¬ 
ing policy, and determining the adequacy of 
procedures that implement existing policy. 
Members of the Board shall respect the con¬ 
fidentiality of sensitive or personal informa¬ 
tion made known to them in executive 
session or other circumstances. If geographi¬ 
cally feasible, members of the Board shall 
provide a means of contact by electronic 
communication. 


Appointments 

In order to clarify procedures for appoint¬ 
ments to various offices and provide for 
delegation of appointments appropriate to 
the size and scope of contemporary society 
operations, the board approved two amend¬ 
ments for the first time. A new section is to 
be added to Article V. 

Article V, Section 8 

Proposed wording. Unless stated other¬ 
wise in an IEEE- or board-approved consti¬ 


tution, bylaw, policy, or procedure that 
creates the position, appointments to volun¬ 
teer positions within the IEEE Computer 
Society shall be for a term not exceeding one 
year. Unless stated otherwise, appointees 
serve at the pleasure of the occupant of the 
position that appoints them. Appointees 
remain in their position, including the situa¬ 
tion when their term has expired, until 
replaced by a successor, or until the position 
is dissolved because the purpose has been 
served, or until the position is declared 
vacant under the appropriate authority. 

In addition, seven articles of the bylaws 
are to be amended by adding the following 
sentence to Section 1 of each article: 

Articles VI through XII, Section I 

Proposed wording. The president may del¬ 
egate authority for such appointments to the 
vice president. 


Constitution and Bylaws 
Committee 


The board sought to clarify the functions 
of the Constitution and Bylaws Committee 
by amending the charter paragraph of that 
committee as it appears in Article XIII. 
Article XIII, Section 4 
Current wording. The Constitution and 
Bylaws Committee shall be responsible for 
reviewing, evaluating, and [initiating] 
changes in the constitution and bylaws of the 
Society. [It shall also be responsible for col¬ 
lecting and publishing the policies and proce¬ 
dures of the Society.] 

Proposed wording. The Constitution and 
Bylaws Committee shall be responsible for 
reviewing, evaluating, and formulating 
changes in the constitution and bylaws of the 
Society. 


Operations Committee 

Reflecting concern for the growing size 
and complexity of Society staff operations, 


the board established a new standing com¬ 
mittee for personnel and compensation, and 
appropriately amended the charter of the 
operations committee. 

Article XIII, Section 10 

Current wording. The Operations Com¬ 
mittee shall be responsible for [personnel], 
operations, capital expenditures and other 
related operational matters in the Computer 
Society offices. The president shall chair the 
Operations Committee. The immediate past 
president and the president-elect shall be 
members of the committee. Other members 
shall be appointed by the president. 

Proposed wording. The Operations Com¬ 
mittee shall be responsible for personnel 
staffing, operations, capital expenditures 
and other related operational matters in the 
Computer Society offices. The president 
shall chair the Operations Committee. The 
immediate past president and the president¬ 
elect shall be members of the committee. 
Other members shall be appointed by the 
president. The executive director is an ex- 
officio, non-voting member of the Opera¬ 
tions Committee. 


Personnel and 
Compensation Committee 

A new committee is to be added to the list 
in Article XIII, Section 1, and a new section 
is to be inserted in that article, with the exist¬ 
ing sections renumbered as appropriate. 
Article XIII, Section 13 

Proposed wording. The Personnel and 
Compensation Committee shall monitor 
compliance with the human resources, per¬ 
sonnel and compensation policies of the soci¬ 
ety, and bring any needed changes in such 
policies to the Board. The committee shall be 
chaired by the president-elect, and shall 
include, as additional members, the presi¬ 
dent, the past president, and the first and 
second vice presidents. The executive direc¬ 
tor shall be an ex-officio, non-voting mem¬ 
ber of this committee. 
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Computer Society Election 



Nominees for Computer Society office and Board of Governors 


On the following pages are the position statements and biographies of the Computer Society’s candidates 
for president-elect, first and second vice presidents, and Board of Governors. Within each category, candi¬ 
dates are listed in alphabetical order. . . 

Election of officers to one-year terms and board members to two-year terms, each beginning January 1, 
1988, will be by vote of the membership as specified in the bylaws. Ballots, which will be mailed to all soci¬ 
ety members about August 3, must be received at IEEE Headquarters by September 15, 1987. Election 
results will be announced in the November issue of Computer. 

The opinions expressed in the statements are those of the individual candidates and do not necessarily 
reflect society positions or policies. 


At its meeting on June 19, 1987, in Chicago, Illinois, the Board of Governors of the Computer Society 
approved two amendments to the constitution for submission to the membership for approval with the 1987 
election ballot. Approval requires for votes by two-thirds of the members voting. 


Constitutional amendments 


Board of Governors 


The first amendment extends the term of members of the board from two years to three 
years with one-third of the elected members of the board to be elected each year. This 
amendment will eliminate the potential for a more than 50-percent turnover of the board 
membership in any one year. Suggested deletions appear in brackets, additions in italics. 

Article III, Sections 1 and 2, is to be amended as follows, with a new, temporary Section 9 
added as shown: 


Article III, Section 1 

Current wording. The Society shall be 
governed by the Board. All members of the 
Board must be members of the Society. The 
franchised members of the Board shall be the 
Society president, president-elect, first and 
second vice presidents, the immediate past 
president, and [twenty] elected members of 
the Board. Ex-officio members of the Board 
may be designated in the bylaws. The ex- 
officio members of the Board shall have no 
vote unless they hold one as a franchised 
member of the Board. 


Proposed wording. The Society shall be 
governed by the Board. All members of the 
Board must be members of the Society. The 
franchised members of the Board shall be the 
Society president, president-elect, first and 
second vice presidents, the immediate past 
president, and twenty-one elected members 
of the Board. Ex-officio members of the 
Board may be designated in the bylaws. The 
ex-officio members of the Board shall have 
no vote unless they hold one as a franchised 
member of the Board. 


Article III, Section 2 

Current wording. The term of office for 
an elected member of the Board shall be 
[two] years. Within-term vacancies shall be 
filled as specified in the bylaws. [Ten] elected 
members of the Board shall be elected annu¬ 
ally. All Board members shall continue to 
serve until their successors take office. 


Proposed wording. The term of office for 
an elected member of the Board shall be 
three years. Within-term vacancies shall be 
filled as specified in the bylaws. Seven 
elected members of the Board shall be 
elected annually. All Board members shall 
continue to serve until their successors take 
office. 


Article III, Section 9 

Proposed wording. The method of transi¬ 
tion from two-year to three-year terms for 
elected members of the Board shall be deter¬ 
mined by the Board. This section shall expire 
and be expunged from the Constitution at 
the end of the transition year (1989). 


Succession to offices 

The board also approved two amendments 
regarding succession to the office of president¬ 
elect and other offices, and the appointment 
of acting officers in the event of temporary 
vacancies. 

Article IV, Section 3, is to be amended by 
adding two sentences, with a new Section 8 
added as follows: 

Article IV, Section 3 

Current wording. The president-elect shall 
perform such duties as specified in the 
Bylaws or assigned by the president or the 
Board. The president-elect shall become 
president the following year. 

Proposed wording. The president-elect 
shall perform such duties as specified in the 
Bylaws or assigned by the president or the 
Board. The president-elect shall become 
president the following year. The incumbent 
first vice president shall assume the office of 
president-elect should that office become 
vacant, thereby vacating the office of first 
vice president. Should the first vice president 
be unable to serve, then the board shall fill 
the vacancy. 

Article IV, Section 8 

Proposed wording. The Board is responsi¬ 
ble for determining vacancies or temporary 
absences in office positions. In situations for 
which no succession procedure is described, 
or for which the procedure fails, the Board 
shall appoint a successor in the case of a 
vacancy, or an acting officer in the case of a 
temporary absence. 
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Nominees for 
president-elect 


Kenneth R. Anderson 

Position statement. 

1988 is a critical year in 
our continued planning 
for the technology of 
the 1990’s. During the 
next decade we will be 
living in an era of 
interconnected global 
computer networks, 
thus enhancing communication and informa¬ 
tion exchange both within and outside the 
US. 

The Computer Society must continue to 
provide state-of-the-art computer informa¬ 
tion to both developers and users. Our 
current programs — workshops, conferences, 
tutorials, newsletters, publications, 
standards, and educational activities — must 
be expanded to serve the growing user 
community. The technical leadership for 
these expanded programs must come from a 
viable Technical Activities Board (TAB) and 
the 33 technical committees it represents. 

Future computer technology will markedly 
change the focus of our activities and 
priorities. We must, therefore, promote and 
expand our activities in 

(1) standards for hardware, software, and 
computer communications, along with their 
evaluation and selection criteria; 

(2) use of video and communications tech¬ 
nology for delivering information to our 
members; 

(3) the application of computers in 
atmospheric and geophysical research, artifi¬ 
cial intelligence and knowledge-based sys¬ 
tems, manufacturing and productivity 
enhancement, education and training, and 
decision support systems and tools. 

I seek your support for president-elect and 
pledge to work to 

(1) redirect the society so that the technical 
program focuses on the needs of computer 
users as well as developers; 

(2) expand the role of the technical 
committees and TAB; 

(3) increase standards development 
activities and other global services; 

(4) establish a program of smaller, more 
application-oriented, easier-to-attend 
regional meetings. 

Future Computer Society programs 
require a commitment to provide dedicated 
full-time staff support. We should not expect 
our volunteer leaders to do all the tasks 
of a diverse program while they actively 
pursue the job responsibilities that are the 
norm for our profession. A full-time staff 
with a technical interest and orientation, 
working with the TAB volunteers, is 
essential. 

Achieving these goals will permit the 
society to better serve you in the future. 

Biography. Ken Anderson, currently the sec¬ 
ond vice president responsible for the 
Technical Activities Board, has served on the 
Board of Governors for seven years 
(1979-87). Fie serves on the TAB Operating 
Committee, Operations and Finance 
Committee, Long-Range Planning Committee, 
and Committee on Public Policy. He chairs 
the Human Resource Policy Ad-Hoc 
Committee and is the CS-USAB PACE rep¬ 



resentative. A member of the Technical 
Committee on Test Technology, he is 
currently serving as chairperson for the 
International Test Conference Tutorial 
Program. He is also on the Editorial Board 
of IEEE Design & Test and is active in a 
motivational program to encourage youth to 
consider engineering as a career. 

As a group leader at the Siemens Research 
and Technology Laboratories, Princeton, 
New Jersey, he participated in the pioneering 
research activity in microelectronic design 
and test. Anderson is now responsible for the 
application of analytic and discrete event 
simulation models to the analysis of 
computer-integrated manufacturing systems. 
He is also an adjunct professor at Widener 
University, teaching courses in 
microelectronic circuits and system design. 

Anderson received a BSEE from Drexel 
University and an MA in business manage¬ 
ment from Central Michigan University. He 
is a senior member of the IEEE. He has 
received the US Jaycee Distinguished Service 
Award and was nominated as an Eta Kappa 
Nu Outstanding Young Electrical Engineer. 


Michael C. Mulder 

Position statement. Our 
Computer Society 
continues to evolve, 
mostly in ways that ben¬ 
efit us all. My major 
concern is that we are 
no longer a small 
society, and thus some 
of the old methods and 
policies don’t work as well any more. As 
technology changes, we must adapt if we are 
to continue to provide high-quality technical 
leadership for our membership — working 
engineers, teachers, and researchers alike. 

We must find and nurture imaginative, 
strong, and experienced leadership; I hope to 
contribute these on your behalf. To be 
specific; 

(1) I will pursue growth in our technical 
publications, more industry participation in 
these publications, improvement in the qual¬ 
ity of our publications by more extensive 
peer review — all while keeping costs to the 
membership low. 

(2) I will pursue a policy of continuing 
cooperation with our sister societies and a 
policy of strong society contribution to com¬ 
puter science and engineering education. 
There is a huge shortage of qualified teachers 
that continues to worsen; professional socie¬ 
ties must take a leadership role in correcting 
this problem. 

(3) Additionally, as America’s overseas 
competitors have shown, industry and 
universities must find ways to work together 
effectively towards reasonable partnerships. 

I will pursue methods by which the Com¬ 
puter Society can influence how this can be 
done. 

I hope that you will elect me to the post of 
president-elect so that I can continue to con¬ 
tribute my time and energies to important 
issues facing the Computer Society. 

Biography. Mulder is currently the 
Computer Society’s first vice president for 
education and recently completed a two-year 
term as Computer editor-in-chief. He has 
been a Board of Governors member, 



Conferences and Meetings chairperson, and 
Audit Committee member. 

He is director of the Applied Research 
Center and a professor of electrical and 
computer engineering at the University of 
Portland. He is cofounder of Servio Logic 
Corp., where he was VP of engineering and a 
member of the Board of Directors. He is 
president of his own consulting firm and is 
engaged in advanced product development 
with a number of industrial clients. 
Previously, he was manager of systems 
development at ESI, Inc., a senior research 
engineer at BPA, and manager of advanced 
systems processors at Sperry Univac. 

Mulder has led several national task 
forces, and has successfully worked for 
cooperative ventures with ACM. He was a 
county planning commissioner and is a 
member of the OIT State Advisory Board. 

He has been governor-appointed to the 
Oregon Resource and Technology Develop¬ 
ment Corp. He is an NSF grantee and a 
review panelist in the Al/expert systems/CIM 
area, and a member of IFIP 10.2 WG on 
Systems Engineering. 

Mulder received his PhD in EE from 
Montana State University, MSNE from the 
University of Washington, and BSEE from 
Oregon State University. He is a registered 
professional engineer and an IEEE senior 
member. 


Nominees for 
first vice president 


P. Bruce Berra 

Position statement My 
main goals are to 
increase the quality and 
quantity of services to 
the membership. If 
elected, the following 
are some of the items 
that I will emphasize. 

(1) Strengthen Com¬ 
puter. Our flagship magazine is the best of 
its kind in the field. It should be significantly 
increased in size by adding new departments 
and expanding existing ones to mirror the 
broad range of quality activities undertaken 
by the society. 

(2) Increased autonomy for the technical 
committees. The society should provide a 
mechanism that will allow TCs to charge 
dues. This will generate the income needed 
for the TCs to provide increased and 
improved services to their individual mem¬ 
bers at a lower cost. 

(3) Distinguished Tutorials Program. The 
Distinguished Visitors Program is extremely 
successful. I believe that we should extend 
the concept to tutorials. 

(4) Increase student membership. Students 
are the lifeblood of our society. We need to 
find new ways of attracting them and mak¬ 
ing the transition from student to regular 
membership as painless as possible. 

(5) Add new transactions. The backlog on 
some of our transactions is so long that it 
promotes the publication of archival 
materials in conference proceedings and 
commercial journals. We need to increase 
the number of transactions to meet our 
members needs. 

Attaining these goals will not be easy but 



102 


COMPUTER 





















by working together we can ensure the con¬ 
tinued growth and quality of benefits to all 
members of the society. 

Thank you for taking the time to read my 
position statement. 

Biography. Berra is currently editor of the 
Transactions on Software Engineering, edi¬ 
tor of the Transactions on Computers, and a 
lecturer on the Distinguished Visitor Pro¬ 
gram. In the past, he has served on the 
Board of Governors, as the editor-in-chief of 
the Computer Society Press, on the IEEE 
Press Editorial Board, as a member of the 
Distinguished Visitor Program, general chair 
and program chair of the International Con¬ 
ference on Data Engineering, and vice chair 
of the Publications Board. 

He is currently a professor of electrical 
i and computer engineering and a member of 
the faculty of Computers and Information 
Science at Syracuse University. He is also 
president of PBB Systems, an Al/database 
consulting firm. His industrial experience 
has included periods of service with Hughes, 
Bendix, and IBM. He previously held the 
position of professor and chairman of Indus¬ 
trial Engineering and Operations Research, 
also at Syracuse University. In addition to 
teaching at Syracuse, he has taught at the 
University of Michigan’s Dearborn Campus, 
Boston University, and Purdue University. 

Berra received the BS and MS degrees 
from the University of Michigan and the 
PhD from Purdue University. 


Helen M. Wood 

Position statement. 
During the last 18 
months, as vice 
president for standards 
and a member of the 
Board of Governors, I 
have focused my efforts 
on supporting and 
strengthening the 
society’s standards activities. During this 
time, the number of completed standards 
and active standards working groups has 
more than doubled. To date, the Computer 
Society has developed 40 standards, and we 
currently sponsor 86 standards development 
projects. 

I believe that this rapid growth demonstrates 
the importance of practical, applications- 
oriented, technical activities to our member¬ 
ship and profession. 

If elected, I will continue to work for 
technical activities and services that meet the 
needs of today’s computer professional. 

Biography. Wood has served on a number of 
Computer Society and IEEE boards and 
committees. These include the Computer 
Society Operations, Finance, Computer 
Services Advisory, Executive, Personnel, 
Compensation, and Standards Coordinating 
Committees and Standards Activities Board 
and the IEEE TAB Finance and Budget 
Development Committees. She is now the 
Computer Society’s vice president for 
standards. Computer’s standards editor, and 
an IEEE Standards Board member. 

As acting deputy director of the Institute 
for Computer Sciences and Technology at 
the National Bureau of Standards, Wood 
directs ICST technical divisions in developing 
computer and communications standards, 
providing technical assistance to other 



government agencies, and in performing 
computer science research. From 1982 to 
1986, she directed the ICST Information 
Systems Engineering Division. In previous 
positions, she directed the ICST Program 
Development Office and spent 12 years in 
research and development activities related 
to computer networking, computer security, 
and automation technology. 

Wood holds a BS in mathematics from the 
University of Maryland and an MS in 
computer science from the American Univer¬ 
sity. She is a senior member of the IEEE and 
a member of ACM and the Association for 
Women in Computing. 


Nominees for 
second vice president 


Paul L. Borrill 

Position statement. I 
began my work on the 
Board of Governors by 
fighting (1) for a better 
deal for our society’s 
body and soul — its 
members — and 
(2) against the many 
injustices plaguing our 
profession. Regretfully, my work is not yet 
complete. 

1 began by tackling the first problems I 
saw: poor delivery of magazines and journals 
and lack of response to even simple member¬ 
ship problems, such as changing an address. 
Establishing the Computer Society ombuds¬ 
man gave members, at last, a place to write 
to get their complaints resolved. Hopefully, 
most recurring problems are now a thing of 
the past. At least, the current situation is a 
significant improvement! 

Today’s members must, more than ever, 
justify their society membership by its per¬ 
ceived benefits. One pressing problem is 
balancing academically oriented papers, 
which appear so often in our magazines and 
journals, with quality papers related to the 
engineering problems our members meet in 
their daily work. 

Standards are another area of major con¬ 
cern. Some committees and working groups 
are innovative, productive, constructive, and 
relevant. Others, regretfully, are none of 
these. Of particular concern is the lack — for 
example, in the Microprocessor Standards 
Committee — of a sound strategy regarding 
standards development; the current regime 
seems more concerned with starting new 
projects than with quality, relevance, com¬ 
pletion, and approval. 

If elected, I will work toward significant 
improvement in member benefits and in the 
quality and effectiveness of our standards 
efforts. Judge me by my actions, not by my 
words; my track record speaks for itself. 



Biography. First elected to the Board of 
Governors in 1984 as a petition candidate, 
Borrill has served as Computer Society secre¬ 
tary and as ombudsman, a position he was 
instrumental in establishing. He currently 
chairs the Audit Committee and the Stan¬ 
dards Board’s Policy and Procedures Com¬ 
mittee. He has served on the IEEE Standards 
Board Review Committee and the 
Microprocessor Standards Committee and 


now chairs the innovative P896 Futurebus 
Working Group. 

Borrill is head of research and develop¬ 
ment at Spectra-Tek UK Ltd., leading a team 
of engineers developing a wide range of elec¬ 
tronic instrumentation, computer hardware, 
and computer software products. Previously, 
he was a research fellow at University Col¬ 
lege London, during which time he was 
responsible for the on-board dedicated 
experiment processor and ground support 
software for CHASE (Coronal Helium 
Abundance Spacelab Experiment), flown 
successfully on the space shuttle Challenger 
in 1985. He has consulted for a significant 
number of major corporations on all aspects 
of computer systems design. 

Borrill obtained his BSc in physics (with 
honors) from the University of Manchester 
in 1977 and his PhD in physics from the Uni¬ 
versity of London in 1986. 


Joseph E. Urban 

Position statement. The 
Computer Society is in 
good financial shape 
after going through a 
rough two-year period 
that was intensified by 
the state of the com¬ 
puter industry. I believe 
this period will have a 
long-term effect on how we provide quality 
publications and technical activities while 
remaining cost-conscious. Carefully analyzed 
business plans are becoming a reality for all 
projects. 

As we begin to move into a growth period, 
member feedback on society services must be 
paramount. New project proposals must 
support member needs in a cost-effective 
manner. 

The goals that I would adhere to include 

(1) expanded growth in publications 
through increased advertising revenues 
and/or decreased production costs, with par¬ 
ticular emphasis on growth in the flagship 
magazine. Computer; 

(2) enhanced technical committee and 
chapter activities to bring more vitality to 
technical meetings and tutorials; and 

(3) increased visibility for standards work¬ 
ing groups activities to promote and stimu¬ 
late growth. 

Cooperation with other organizations on 
activities is appropriate when it eliminates 
duplication of effort. I will continue to sup¬ 
port non-US-based technical activities, such 
as conferences, lectures by visiting speakers, 
and networks. 

I will work to achieve a sound technical 
and financial position for the Computer 
Society to maintain a professional-leadership 
role. 

Based on my past experience with the 
Executive Committee and the Technical 
Activities, Publications, Conferences and 
Tutorials Boards, I believe that I can con¬ 
tinue to serve the society in a positive 
manner. 

Biography. Urban is an editor of IEEE 
Transactions on Software Engineering and 
IEEE Expert, a member of the Board of 
Governors and Executive Committee, treas¬ 
urer, and Finance Committee chair. 

He initiated and chaired the Computer 
Languages Technical Committee and was 
chair of the Publications Planning Commit- 



August 1987 


103 




















tee. He has lectured in and chaired the Chap¬ 
ter Tutorials and Distinguished Visitors 
Programs. He was conference chair of the 
1984 Ada Applications and Environments 
Conference, 1984 International Symposium 
on Logic Programming, and 1986 Interna¬ 
tional Conference on Computer Languages. 

He is currently professor and chairperson 
of the Department of Electrical and Com¬ 
puter Engineering at the University of 
Miami. Previously, he worked at the US 
Army Signal Center, the University of South 
Carolina, Columbia, and the University of 
Southwestern Louisiana. His research areas 
are in software engineering and computer 
languages. 

Urban earned a BS in computer science 
from Florida Institute of Technology (1973), 
an MS in computer science from the Univer¬ 
sity of Iowa (1975), and a PhD in computer 
science from the University of Southwestern 
Louisiana (1977). 

His PhD thesis was selected by the ACM 
Doctoral Forum as one of the four best com¬ 
puter science theses produced in 1977-1978. 


at the University of Texas at Arlington since 
1981. Previously, he served on the Auburn 
University faculty. He has also held positions 
at Texas Instruments and at General Dynamics. 

Carroll has authored or coauthored 
numerous papers and technical reports in the 
areas of fault-tolerant computing, computer- 
aided design, and computer engineering edu¬ 
cation. He is the coauthor of a popular text¬ 
book, An Introduction to Computer Logic 
(Prentice-Hall) and of a recent tutorial text, 
Fault Tolerant Computing (Computer Soci¬ 
ety Press). 

He earned the PhD degree in electrical 
engineering from the University of Texas at 
Austin (1969). He has received the 
DOW/ASEE Outstanding Young Faculty 
Award (1975) and two NASA Technology 
Innovation Awards (1980 and 1982). 


Nominees for 
Board of Governors 
(Vote for 10) 


Bill D. Carroll 

Position statement. One 
of the primary missions 
of the Computer Soci¬ 
ety is to foster knowl¬ 
edge and information 
transfer. Toward this 
end, I will work both to 
strengthen current 
activities that meet such 
needs of the membership and/or the profes¬ 
sion and to develop new programs as neces¬ 
sary to fill existing gaps. In particular, I will 
work to strengthen the society’s programs in 
educational activities. This will include more 
programs and services oriented toward con¬ 
tinuing education and stronger support for 
chapters, both professional and student. 

Additionally, the Computer Society must 
operate on sound financial footing. Hence, I 
will support policies for examining the viabil¬ 
ity of all existing and all proposed programs 
and activities. Moreover, I will support the 
maintenance of a substantial cash equivalent 
reserve. Finally, I will encourage the society 
to broaden its sphere of influence and to 
strengthen its relationship with sister socie¬ 
ties such as the ACM. 

Biography. Carroll has been active in the 
Computer Society, in IEEE, in ASEE, and in 
other professional organizations for many 
years. Currently, he serves on the Editorial 
Board of IEEE Press and is steering commit¬ 
tee chair of the Association of Computer 
Science and Computer Engineering Chairs. 
Carroll served the Computer Society Press as 
editor-in-chief for three years (1984-86), as 
Advisory Committee chair for one year 
(1983), and as an editor for two years 
(1981-82). His earlier activities include 
founding and serving as first chair of the 
Computer Society’s Alabama Chapter 
(1975-76). 

Carroll has been professor and chair of the 
Computer Science Engineering Department 



Gerald L. Engel 

Position statement. I 
have enjoyed my associ¬ 
ation with the Com¬ 
puter Society for the 
past 10 years and look 
forward to new oppor¬ 
tunities to be of service. 
I strongly support the 
society’s continuing 
efforts to sponsor a diversity of professional 
activities and excellence in publications. 
Additionally, I hope to work for an expand¬ 
ing influence of the Computer Society both 
within the United States and internationally. 
Additional cooperative initiatives need to be 
pursued. Finally, I hope to work for 
increased membership participation in all 
Computer Society activities. 

Biography. Engel is a senior member of the 
IEEE and has been a member of the Com¬ 
puter Society for the past 10 years. In that 
time his primary activities have been on the 
Educational Activities Board where he cur¬ 
rently serves as vice chair. Particularly signif¬ 
icant activities in the past have included 
work on the Model Curriculum in Computer 
Science and Engineering and on the develop¬ 
ment of the Computing Sciences Accredita¬ 
tion Board, both of which resulted in 
Computer Society awards. 

Engel currently serves as a Computer Soci¬ 
ety director on the Computing Sciences 
Accreditation Board and chairs the Com¬ 
puter Science Accreditation Commission. He 
was the initial chairperson of the Steering 
Committee of the National Educational 
Computing Conference. Additionally, he has 
worked on a number of educational projects 
for both ACM and AFIPS. 

Engel occupies the Stamford Chair of 
Computer Science and Engineering at the 
University of Connecticut. Prior to that posi¬ 
tion, he held teaching and research positions 
at Christopher Newport College, Old 
Dominion University, and the Virginia Insti¬ 
tute of Marine Science. 

Engel received the DEd degree in com¬ 
puter science from Pennsylvania State Uni¬ 
versity, the MA from Louisiana State 
University, and the BS magna cum laude 
from Hampden-Sydney College. 



Lansing Hatfield 

Position statement. My 
greatest interest is in the 
lifelong process of edu¬ 
cation. My activities 
within the Computer 
Society (magazines, the 
Computer Society 
Press, accreditation) 
have been and will con¬ 
tinue to be related to this central theme. As a 
member of the Board of Governors, I would 
seek to support and improve existing pro¬ 
grams that focus on this process, ranging 
from publications for working professionals 
to curriculum development for students. 

And, I would work to initiate new programs 
or reform older ones to more effectively 
serve the evolving needs of the society’s 
members. I’m particularly interested in new 
approaches made possible or perhaps even 
necessary by the rapidly changing power and 
cost of computer systems, at both the indi¬ 
vidual and institutional levels. 

Biography. Hatfield is currently the chair of 
the Computer Society Press Advisory Com¬ 
mittee, vice chair of the Publications Board, 
one of four Computer Society-appointed 
directors of the Computing Sciences Accredi¬ 
tation Board, and a member of the editorial 
board of IEEE Computer Graphics and 
Applications. Previously, he was editor-in- 
chief of IEEE Computer Graphics and 
Applications and chair of the Technical 
Committee on Computer Graphics. He has 
served and is serving on the program com¬ 
mittees of several Computer Society work¬ 
shops and conferences. He is also a member 
of the IEEE Continuing Education Subcom¬ 
mittee. 

Hatfield is the leader of the Computer Sys¬ 
tems Research Group within Electronics 
Engineering at the Lawrence Livermore 
National Laboratory. Currently, he is work¬ 
ing on the improvement of graphics and 
interactive computing for users of the Liver¬ 
more Computer Center and the development 
of computing facilities within engineering. 
Prior to coming to LLNL, he was on the 
faculty of the Electrical Engineering Depart¬ 
ment at the University of California, Davis. 

He received his SB, SM, and, in 1971, his 
PhD in electrical engineering from the Mas¬ 
sachusetts Institute of Technology. He 
received outstanding teaching awards at both 
MIT and UCD. He is a member of IEEE and 
ACM. 


Barry W. Johnson 

Position statement. A 
fundamental goal of the 
Computer Society is to 
promote the exchange 
of technical informa¬ 
tion among profes¬ 
sionals in the computer 
field. This is accom¬ 
plished through publi¬ 
cations, conferences, workshops, tutorials, 
chapter activities, technical committees, and 
standards. To better serve the membership, 
we must maintain technical quality and 
financial vitality in each of these important 
areas. In addition, we must continue to be 
responsive to the technical needs and desires 
of the membership so as to improve and 
expand our services. 
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An important element in maintaining 
quality is to increase the number of members 
actively participating in the society. We can 
all contribute in numerous ways, including 
writing papers, organizing meetings, or sim¬ 
ply providing feedback on the quality and 
suitability of the society’s publications and 
other services. If elected, I will work to 
involve more people in the activities of the 
society and to ensure that the Computer 
Society provides the best possible service to 
its membership. 

Biography. Johnson is presently active in the 
Computer Society as chair of the Member¬ 
ship Development Committee, as a member 
of the Membership and Information Board, 
and as a member of the Editorial Board of 
IEEE Micro. Previously, he has served as the 
finance chair for the Conferences and 
Tutorials Board and as a member of the 
Finance Committee. Johnson received a 
Computer Society Certificate of Apprecia¬ 
tion for conferences financial analysis in 
1985. 

Johnson is currently an assistant professor 
in the Department of Electrical Engineering 
at the University of Virginia and is a member 
of the Center for Semicustom Integrated Sys¬ 
tems. Prior to joining the university, he was 
with Harris Corporation in Melbourne, 
Florida, where he participated in the design 
and analysis of fault-tolerant computer sys¬ 
tems for aerospace applications. His research 
interests include fault-tolerant computing, 
VLSI architectures, VLSI testing, and 
microprocessor-based systems. He has 
authored or coauthored approximately 30 
articles in the above areas and is presently 
preparing a text on fault-tolerant computing. 

Johnson received the BS, ME, and PhD 
degrees in electrical engineering from the 
University of Virginia, Charlottesville, Vir¬ 
ginia, in 1979, 1980, and 1983, respectively. 
He is a member of the IEEE, the Computer 
Society, Tau Beta Pi, Eta Kappa Nu, and 
Sigma Xi. 


Duncan H. Lawrie 

Position statement. 
Technical obsolescence 
threatens all of us in the 
computer business. I 
believe that our confer¬ 
ences and tutorials play 
a crucial role in keeping 
us up to date, not just 
in our own specialties, 
but in all areas of computer science and tech¬ 
nology. While I would work to promote all 
areas of interest to the Computer Society, I 
would especially like to work toward improv¬ 
ing the selection and quality of our confer¬ 
ences and tutorials. I have served both as a 
program chair and general chair of confer¬ 
ences, and as conferences chair and tutorials 
chair of the society’s Conferences and 
Tutorial Board, so I believe I have the neces¬ 
sary background for working in this area. I 
believe we can do more to attract timely and 
relevant tutorials, and that we should 
encourage more innovative formats for our 
conferences and workshops. 

Biography. Lawrie is currently a member of 
the Board of Governors and Executive Com¬ 
mittee, secretary of the society, and chair of 
the Conferences Long-Range Planning Com¬ 
mittee. He has also served as a general chair 



of the Conference on Distributed Computing 
Systems and as program co-chair of the 
International Conference on Parallel 
Processing. He was an editor of the Com¬ 
puter Architecture and Systems Department 
of Communications of the ACM and a guest 
editor of IEEE Software. 

Lawrie received bachelor degrees from 
DePauw and Purdue Universities, and the 
MS and PhD from the University of Illinois. 
He has authored over 40 papers in the area 
of high-performance computing, and 
received the most original paper award from 
the International Conference on Parallel 
Processing. 

He is currently professor of computer 
science, professor of electrical and computer 
engineering, and associate director of the 
Center for Supercomputing Research and 
Development at the University of Illinois. He 
is a member of the ACM and AAAS and a 
fellow of the IEEE. 


Raymon Oberly 

Position statement. The 
Computer Society is a 
dynamic organization 
dedicated to bringing 
the latest technical 
information to its mem¬ 
bers through confer¬ 
ences, workshops, 
tutorials, and technical 
magazines. As a member of the board, I will 
look for new ways to bring that information 
to the professional. I propose giving more 
tutorials at conferences and workshops to 
reduce attendee costs. I plan to encourage 
holding more workshops outside the United 
States to provide technical exchange at less 
cost to overseas members. These additional 
workshops would truly make the Computer 
Society an international organization. I will 
continue my efforts to increase membership 
and technical magazine subscriptions and to 
strengthen the Technical Activities Board, 
both within the US and internationally. I feel 
that my work on many Computer Society 
committees over the past several years has 
given me the knowledge to make an immedi¬ 
ate contribution, as a board member, to 
policy-making and financial decisions. 

Biography. Oberly, a senior IEEE mem¬ 
ber, currently participates in these Computer 
Society activities: East Coast Operations 
Committee, Conference and Tutorials 
Board, Membership Committee, Informa¬ 
tion Committee, and Division VIII represen¬ 
tative to the IEEE TAB and IEEE Membership 
Development Committee. He is a member of 
the Test Technology Technical Committee 
and was its vice chair and chair. He has been 
on the International Test Conference Pro¬ 
gram and Steering Committees since 1977 
and has devoted three years toward helping 
IEEE Design & Test magazine become suc- 

Recently retired from IBM, Oberly was a 
senior engineer providing technical staff sup¬ 
port to the program office responsible for 
developing large computers. He also ran two 
internal IBM conferences each year on elec¬ 
trical testing of components through sys¬ 
tems. His responsibilities included develop¬ 
ment and implementation of component 



and board testing methodologies, devel¬ 
opment of testing and cost trade-off 
analyses, and performing qualification and 
reliability testing of semiconductor com¬ 
ponents. 

Oberly has a BA in physics from Lehigh 
University and an MS in operations research 
from Union College. He has published and 
presented 12 papers on testing. He received 
the Computer Society Meritorious Service 
Award in 1985. 


Anthony Pau 

Position statement. I 
was Asia Pacific area 
chair for three years. I 
strongly believe that 
information technology 
is desperately needed in 
Third World countries. 
As area chair, I have 
been putting a lot of 
effort into improving this situation. Better 
education is the key to success. 

If elected, I will try to draw the attention 
of the IEEE Computer Society to help 
developing countries in computer technol¬ 
ogy. For this I can make use of my experi¬ 
ence in the design of computer systems, 
including industrial measurement and con¬ 
trol systems, operating in the local native 
languages of the developing nations. 

Further, my five years experience working 
in the Executive Committee at the IEEE sec¬ 
tion level will be an asset to the Board of 
Governors. I can be instrumental in facilitat¬ 
ing communication and understanding 
between the IEEE and the Computer 
Society. 

Biography. Pau was area chair of the CS- 
IEEE Asia Pacific Region for three years. 
Before that, he served for four years as a 
member of the Executive Committee of the 
Hong Kong IEEE Section and one year as 
chair of the Hong Kong Computer Society 
chapter. 

In 1984 he organized and chaired the First 
IEEE Computer Society Asia Pacific Area 
Meeting, a milestone event for regional 
cooperation in which representatives from 13 
countries participated. From 1985-1986, at 
the invitation of the World Bank, he 
organized a Computer Science Department 
at a Chinese university. This included faculty 
selection/training, curriculum design, and 
computer system acquisition. 

Pau is president of Computer Engineering 
Technology System, a Far Eastern engineer¬ 
ing consultant firm specializing in factory 
automation control. In 1978, he single- 
handedly designed and built a 16-bit indus¬ 
trial control microcomputer system using 
Chinese characters as a medium. The system 
responded to voice control in both English 
and Chinese. He wrote the entire portable 
operating system, which allowed users to 
program in the Chinese language. 

Pau received his BSc in aerospace engi¬ 
neering from St. Louis University in 1970. 
He is a senior member of IEEE. 
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David Pessel 

Position statement. The 
Computer Society must 
have as its principal 
focus professional, 
cost-effective services to 
its members. These 
services should balance 
the needs of the mem¬ 
bers against the need 
for a financially viable organization. That is, 
the Computer Society must not mortgage its 
future by providing or expanding services 
beyond its financial capabilities. 

If elected to the Board of Governors, I will 
request reviews of current and proposed pro¬ 
grams to verify the following: 

(1) Does/will the program meet a continu¬ 
ing requirement of a significant segment of 
our membership? 

(2) Is the volunteer and/or paid staff in a 
position to carry out the program objectives? 

(3) Are adequate controls in place to mea¬ 
sure program effectiveness and, if so, what 
have been the results? 

I will also work to expand local activities 
(such as inexpensive chapter tutorials) which 
are more directly accessible to the members. 
The Computer Society is its members; we 
must respond to and meet their professional 
needs. 

Biography. Pessel has been active in the 
Computer Society, serving on the Board of 
Governors, Publications Board, and Audit 
Committee, and chairing the Membership 
Development and Chapter Tutorials Com¬ 
mittees. He is presently editor-in-chief of 
IEEE Expert , which he founded in 1986. 

Pessel has been with the Standard Oil 
Company in Cleveland since 1980. He is 
director of the Information Sciences Labora¬ 
tory at the company’s Research and Devel¬ 
opment Center. Previously, he held faculty 
positions at the University of California, 
Berkeley, and at the University of Rochester, 
where he also managed the Laser Computing 
Facility. 

He received his BS degree in system engi¬ 
neering from the Polytechnic Institute of 
Brooklyn (now Polytechnic University) and 
the MS and PhD degrees in electrical engi¬ 
neering and computer sciences from the Uni¬ 
versity of California, Berkeley. Pessel is a 
senior member of IEEE and a member of 
ACM, Sigma Xi, and Eta Kappa Nu. 




Ralph Preiss 

Position statement. I 
look to the Computer 
Society for continuing 
education — to keep me 
informed through par¬ 
ticipation in its techni¬ 
cal meetings and 
through reading its 

_,_ numerous publications. 

I also enjoy serving on committees to plan 
these educational opportunities for myself 
and other members. 

If elected to the Board of Governors, I will 
devote my efforts to ensuring continuation 
of high-quality, well-balanced educational 
programs that serve not only the young engi¬ 
neering graduate, but also the oldtimer like 
myself. 

My twenty-plus years experience in the 
society’s awards and recognition program 


has given me the opportunity of meeting 
many of the people who created this infor¬ 
mation age and who made the computer 
industry flourish. I will make a special effort 
to promote public recognition and under¬ 
standing of the computer professionals’ role 
in enhancing our standard of living so that 
their words of advice and warning will begin 
to be eagerly sought in setting public policy. 


Biography. Preiss, a senior member of the 
IEEE, has been active in the Computer Soci¬ 
ety and its predecessor organizations since 
1957. He was one of the originators of the 
annual Design Automation Workshops and, 
as Computer Group liaison to the IEEE 
Standards Board, a contributor to the first 
IEEE dictionary. 

As a member of Computer’s Editorial 
Board (1982-87), Preiss served as contact for 
special issues on design automation, expert 
systems, and mass storage, in addition to 
reviewing articles and coordinating the Com¬ 
mittee on Public Policy’s news column. He 
has also served on the VLSI Test Workshop 
Steering Committee and as IEEE 
Microprocessor Forum vice chair. He was 
co-chair of the 1986 IEEE Workstation 
Technology and Systems Conference and is 
general chair of its 1987 workshop. 

Involved with the society’s Awards Com¬ 
mittee since 1966, currently as chair, he 
launched the W. Wallace McDowell Award, 
the Computer Pioneer Award, and the Com¬ 
puter Entrepreneur Award. 

Preiss has worked in the IBM laboratory 
in Poughkeepsie, New York, since 1954 in 
both technical and management positions. 

His current work is on the large-scale design 
and application of expert systems. 

Preiss holds a BSEE from MIT and an MS 
in automatic control from the University of 
Connecticut. His honors include an Out¬ 
standing Contribution Award from IBM and 
Honor Roll and Meritorious Service Certifi¬ 
cates from the Computer Society. 



V. Thomas Rhyne 

I Position statement. 

I Like so many US insti- 
I tutions, the IEEE Com- 
I puter Society is confront- 
| ed with a serious finan- 
crisis. I believe that 
I my experience in indus- 
I trial management, 

-1 academia, and IEEE 

technical activities will allow me to be effec¬ 
tive in helping the society to maintain a bal¬ 
ance between its limited finances and the 
needs of its membership. 

If elected, I will serve as a fiscal conserva¬ 
tive, seeking to hold costs down by focusing 
society resources on those existing technical 
activities that brought the society to its past 
strength: effective continuing education, 
technical publication, workshops, confer¬ 
ences, and accreditation. I will particularly 
seek ways for the society to address the 
shortfall in computer science/engineering 
faculty — a crisis that points to significant 
problems in the computer industry’s future if 
not resolved. I favor activities that have a 
broad base of appeal rather than narrowly 
defined interests. 


Biography. An IEEE member since 1962 and 
a senior member since 1980, Rhyne has 
served on the IEEE Standards Coordinating 
Committee for Graphic Symbols and 
Descriptions (1980-83), the IEEE Logic and 
Computer Elements Committee (1971-83), 
and CS-IEEE Education Committee. He cur¬ 
rently serves on the IEEE Educational 
Activities Board and the IEEE Committee 
for Engineering Accreditation Activities. He 
has been an IEEE representative on the Engi¬ 
neering Accreditation Commission since 
1985. He was appointed to the Computer 
Society’s Board of Governors in 1985. 

A member of the Texas A&M electrical 
engineering faculty from 1967-1983, Rhyne 
left that position four years ago to become 
deputy director of the CAD Program at 
MCC in Austin, Texas. He is a registered 
professional engineer (Texas), has consulted 
for many corporations and patent firms, and 
has authored one textbook and 30 technical 
papers. 

Rhyne received the BSEE from Mississippi 
State in 1962, the MSEE from Virginia in 
1964, and PhD from Georgia Institute of 
Technology in 1967. He is a member of Eta 
Kappa Nu, Upsilon Pi Epsilon, Tau Beta Pi, 
Sigma Xi, Phi Kappa Phi. He was the Out¬ 
standing Young Engineer in Texas in 1973 
and received the ASEE’s Terman Award in 
1980. 


Susan L. Rosenbaum 

Position statement. The 
Computer Society, a 
large international asso¬ 
ciation, should better 
use its intrinsic power to 
support and develop 
members. 

I currently am (and 
will continue) working to 

(1) simplify membership application and 
renewal, conference registration, and publi¬ 
cation ordering through E-mail/EFT 
networks; 

(2) promote professional development 
through home courses for VCRs and PCs, 
mentor relationships with elementary and 
high-school level students, MicroMouse 
robotic/teamwork concepts and activities; 

(3) help career change investigating 
(industry-academia, technical-management, 
second career, entrepreneurship) with semi¬ 
nars, workshops, and access to networks of 
experienced people; 

(4) increase membership benefits, includ¬ 
ing credit card, floating pension plan, and 
IRA plan. 

I believe the Computer Society can better 
serve the profession and contribute to society 
by increasing the number of people qualified 
for membership and expanding membership 
services. 

Thank you for the current opportunity to 
serve you as your ombudsman and a gover¬ 
nor. I have grown substantially, both profes¬ 
sionally and personally. 

Biography. Rosenbaum is the Computer 
Society’s ombudsman, a member of its 
Board of Governors and Educational Activi¬ 
ties and Membership Information Boards, 
and a distinguished visitor. She is IEEE Divi¬ 
sion V representative to the TAB Finance 
Committee, EAB representative to Potentials 
Advisory, the Computer Society’s represen- 
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tative to TAAC, and a SPAC speaker. 

Rosenbaum (MicroMom) organized and 
ran the 1987 US MicroMouse Contest. She 
served as International Computer and Com¬ 
munications Council US Liaison Committee 
chair (1982-86), Association for Women in 
Computing vice president (1980-81), 

National Academy of Sciences FID70 repre¬ 
sentative, NCC Steering Committee member 
(1987, 1982, 1979), and ANSI (1980-83) and 
Codasyl (1980-82) member. 

Rosenbaum, now a principal of Practical 
Solutions International, was an information 
systems specialist (AT&T), senior technical 
advisor (Honeywell), nuclear submarine test 
director (British Navy), and Project MAC 
staff member (MIT). 

Rosenbaum holds BS degrees in nuclear 
physics and applied mathematics from 
Brooklyn Polytech, an SB in life sciences 
from MIT, an MS in industrial management 
from PINY and has studied at Harvard and 
UCLA. She has commendations from IEEE- 
CS, ACM, AT&T, Honeywell, and the Brit¬ 
ish Navy and, in 1971, was selected an Out¬ 
standing Young Woman of America. 


Roland J. Saam 

Position statement. I 
will work for three 
objectives: 

Transnational vital¬ 
ity. IEEE-CS is unique 
in its outlook; it draws 
members from dozens 
of countries. We all 
share the excitement 
and love of advancing knowledge. Keeping 
the leading edge worldwide means greater 
challenges for and benefits to us, and 
requires cooperation with kindred societies 
worldwide. 

Cost-effective communication. Our pub¬ 
lications retain their high quality and prag¬ 
matic and theoretical balance, but new 
programs must be devised that attract new 
members. Development of low-cost, low- 
financial-risk tutorials/miniworkshops/ 
seminars is essential to maintaining the soci¬ 
ety’s fiscal health and membership partici¬ 
pation. 

Increasing membership. Today’s focus 
of attention is the computer. An enormous 
potential exists for orderly association 
growth, which will enlarge our influence and 
bring about a richer Computer Society. 
Combining our engineering strengths with 
strengths of other disciplines is, in my opin¬ 
ion, the way to build membership effectively. 

Biography. Saam has served the Computer 
Society as chairperson of the European 
Advisory Committee, in which capacity he 
was responsible for guiding the operations of 
the CS European Office in Brussels and 
informing the Board of Governors of activi¬ 
ties and opportunities in the area. He started 
the United Kingdom and Republic of Ireland 
Chapter of the CS in 1981, and promoted 
area activities with miniworkshops and other 

Saam is president of Micros For 
Managers, a London company specializing 
in portable personal computers and engineer¬ 
ing software. He pioneered the concept of 
offering low-cost professional applications 
with the computer given “free.” 

A New York City native, Saam has the 
BEE from Manhattan College and the MS in 



industrial and management engineering from 
Columbia University. After learning com¬ 
puter applications programming and systems 
development at IBM, he was assigned to 
London in 1968, where he stayed. Having an 
interest in international business and man¬ 
agement, Saam worked for Peat Marwick 
Mitchell Management Consulting Firm, 
Sperry Rand Europe, and Gulf Oil. He is fel¬ 
low of the Institute of Cost and Management 
Accountants. 

He swims and sails off the south coast of 
England. At times he can be seen talking to, 
operating, or solving problems with a pocket 
computer. 


Sallie V. Sheppard 

Position statement. The 
strength of the Com¬ 
puter Society comes 
from its ability to meet 
the needs of its mem¬ 
bers. The Computer 
Society is known world¬ 
wide for providing its 
members with forums 
of technical information exchange through 
its sponsorship of conferences and publica¬ 
tions. In addition to this type of service, I 
believe the Computer Society can offer mem¬ 
bers more opportunities for involvement in 
our profession. The technical committees 
and standards committees, for example, pro¬ 
vide large numbers of members the opportu¬ 
nity to network with others of similar 
interests to literally effect the evolving state 
of the art. These kinds of activities should be 
publicized, encouraged, and supported 
within given fiscal constraints. As a board 
member, I would work to enhance Computer 
Society viability through increased member¬ 
ship involvement. I would do this by sup¬ 
porting the identification of and the 
responsiveness to the needs and interests of 
members. 

Biography. Sheppard has been active with 
the Computer Society Technical Activities 
Board for the last several years. As TAB vice 
chair for publications and communication, 
she currently has the responsibility of foster¬ 
ing communication among the technical 
committees and publicizing their activities. 
She has served on the Editorial Board of 
Computer for the last year and a half, and is 
currently editor of the Computer Society 
News Department. She has served as the 
chair and vice chair of the Technical Com¬ 
mittee on Simulation and as TAB vice chair 
for software. Sheppard has served in numer¬ 
ous roles at Computer Society conferences 
including serving as the 1984 Winter Simula¬ 
tion Conference Proceedings Editor. She 
currently serves as the Computer Society rep¬ 
resentative to the boards of the Winter Simu¬ 
lation Conference and the Annual 
Simulation Symposium. In addition to 
IEEE, Sheppard is a member of ACM and 
the Society for Computer Simulation. 

Sheppard is presently professor of com¬ 
puter science and director of the Laboratory 
for Software Research at Texas A&M Uni¬ 
versity. She received her PhD degree in com¬ 
puter science in 1977. Her research interests 
include simulation and AI support for soft¬ 
ware engineering. She was a Halliburton 
Professor in 1983 and received the Texas 
A&M Former Students Outstanding Teach¬ 
ing Award in 1985. 



Bruce D. Shriver 

Position statement. The 
Computer Society is in 
the information busi¬ 
ness. Its journals, 
magazines, workshops, 
conferences, tutorials, 
Compmail +, and the 
Computer Society Press 
are all important infor¬ 
mation conduits. We should not only pro¬ 
vide traditional forums where research 
results can be presented, but also be innova¬ 
tive in sponsoring activities for the informal 
sharing of the results of development efforts, 
experiments, experiences, and mistakes. The 
future of the society largely depends on how 
successful we are in promoting and manag¬ 
ing the flow of useful, timely information 
within our rapidly changing field. The 
numerous activities and services we provide 
are all expensive — in time, talent, and 
money. As a member of the Board of Gover¬ 
nors, I will support cost-effective methods to 
promote and manage our information 
business. 

Biography. Shriver has served the Computer 
Society in a number of different capacities. 
Currently, he is editor-in-chief of Computer. 
Prior to that, he was the first editor-in- 
chief of IEEE Software and was associate 
technical editor of Computer for five years. 
He is currently a member of the Computer 
Society’s Board of Governors, Publications 
Board, and Magazine Advisory Committee. 
He is a past chair of the Technical Commit¬ 
tee on Microprogramming and a past vice 
chair of the Technical Committee on Com¬ 
putational Medicine. He has been either 
general chair or program chair of over a 
dozen national and international confer¬ 
ences. He has been an IEEE distinguished 
visitor. 

Shriver is a research staff member at 
IBM’s T.J. Watson Research Center in 
Yorktown Heights, New York. Before join¬ 
ing IBM in June 1984, he was the Alfred 
Lamson Research Professor of Computer 
Science at the University of Southwestern 
Louisiana where he had been for the previ¬ 
ous 11 years. He has published over 50 tech¬ 
nical papers and chaired some 14 dissertation 
committees. He received his PhD in com¬ 
puter science from the State University of 
New York at Buffalo in 1971. Shriver is a 
senior member of the IEEE. 



Michael Smolin 

Position statement. The 
Computer Society has a 
declining membership 
and reduced conference 
attendance. This com¬ 
bines to create a crunch 
I where more attention 
I goes to addressing 

_I budgetary problems 

than membership services. I would work to 

(1) reduce financial loss on publications 
and conferences by mergers and scaling to 
provide the service more efficiently, 

(2) reduce Computer Society bureaucracy 
and maintain flexibility to provide and 
improve membership services, 

(3) expand local technical programs to 
reduce travel and costs and to attract new 
members, 
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(4) encourage quality workshops in emerg¬ 
ing technical areas, 

(5) promote nontechnical professional 
membership needs (Whatever happened to 
the “portable pension” now that IRAs are 
nearly dead?), 

(6) start providing services to the member¬ 
ship by computer (this is the Computer Soci¬ 
ety, after all), and 

(7) achieve the above in an efficient and 
cost-conscious way. 

If elected, I will work toward strengthen¬ 
ing the Computer Society, furthering our 
profession, and applying computer technol¬ 
ogy to real-world problems. 

Biography. Smolin is serving his third term 
as Computer Society representative to the 
IEEE New Standards Committee (NES- 
COM), his second year as standards editor 
for IEEE Micro, and his second year as stan¬ 
dards director for the Technical Committee 
on Microprocessors and Microcomputers. 

He is responsible for codifying the policies 
and procedures of the Microprocessor Stan¬ 
dards Committee, a body with over 20 stan¬ 
dards development projects in progress and 
14 standards proposals adopted by the IEEE. 

Smolin has served as chair of the Techni¬ 
cal Committee on Microprocessors and 
Microcomputers, chair of the Mciroproces- 
sor Standards Committee, member of the 
Technical Activities Board and the Standards 
Activities Board, vice chair of the Computer 
Standards Committee, and session organizer 
for several conferences. 

With earlier professional experience in the 
New York and Boston regions, Smolin now 
practices in California’s silicon valley as an 
independent consultant serving IC compo¬ 
nent and systems companies in marketing 
and project management. He has held posi¬ 
tions as assistant professor and lecturer 
(computer and EE courses), director of mar¬ 
keting, and VP of engineering. 

Smolin attended Rensselaer Polytechnic 
Institute and the Polytechnic Institute of 
Brooklyn and received his PhD from North¬ 
eastern University. He received the society’s 
Certificate of Appreciation and was chosen 
for its Outstanding Contribution Certificate. 


Harold S. Stone 

Position statement. The 
challenge that faces the 
Computer Society today 
revolves around sustain¬ 
ing its critical role in a 
dynamic profession. 

The field thrives on 
major technological 
advances, which in part 
have been stimulated through the publica¬ 
tions, conferences, workshops, and tutorials 
sponsored by the Computer Society. 

We must continually examine what we can 
do as a society to initiate activities in emerg¬ 
ing areas, and to create synergism by bring¬ 
ing together related areas to make progress 
where new combinations of skills are 
required. We have opportunities, as well, to 
work with sister societies to take on projects 
too large for the Computer Society by itself, 
such as the Fall Joint Computer Conference 
begun last year with the ACM. I expect to 
devote my energies to helping the Computer 
Society deliver its contribution efficiently 
and effectively, evolving how this is done to 
meet the changing needs of the profession. 



Biography. Stone has been active in both the 
Computer Society and the ACM. For ACM 
he has served as associate editor of JACM, 
and for the Computer Society he has served 
as a technical editor of Computer and as a 
member of the Board of Governors. 

Stone is the manager of Advanced Archi¬ 
tecture Studies at IBM T.J.Watson Research 
Center in Yorktown Heights, New York. He 
has formerly been a faculty member at the 
University of Massachusetts and Stanford 
University and has held visiting faculty 
appointments at institutions throughout the 
world. He is the author, coauthor, or editor 
of six textbooks, and has produced over 60 
technical publications. The series he has 
produced as a consulting editor to Addison- 
Wesley, McGraw-Hill, and University 
Microfilms contain more than 70 titles in all 
areas of computer science and engineering. 

Stone received a PhD in electrical engi¬ 
neering in 1963 from the University of 
California at Berkeley. His research contri¬ 
butions have been primarily in computer 
architecture and digital systems design. He is 
a fellow of the IEEE. 


Akihiko Yamada 

Position statement. The 
Computer Society 
should take a leadership 
role in the 1990’s. We 
should engage ourselves 
in the new themes aris¬ 
ing from the introduc¬ 
tion of artificial 
intelligence into com¬ 
puters and communications. Since the pro¬ 
gress made in this area is what will bring the 
relations between countries and between peo¬ 
ple closer, we must improve our organiza¬ 
tional interaction and become more 
international. 

To realize these objectives, I propose to 

(1) promote technical activities and publi¬ 
cations on artificial intelligence introduced 
into computers and communications; 

(2) enhance cooperation with non-US soci¬ 
eties and enhance the communications 
between US and non-US members through 
affiliate relationships, jointly sponsored 
international conferences, and joint publi¬ 
cations; 

(3) promote non-US as well as US mem¬ 
bership to foster a more international society 
and promote the opening of an Asian office 
to better serve Asian members. 

If elected to the Board of Governors, I will 
promote the objectives listed above. 

Biography. Yamada, currently a member of 
the Computer Society’s Board of Governors, 
is chair of the Ad-hoc Committee on Asian 
Office and a member of the Intersociety 
Cooperation, TAB Advisory, and Member¬ 
ship Development Committees. He served on 
the Membership and Information Activities 
Board in 1986, and worked to establish 
affiliation with the Information Processing 
Society of Japan (IPSJ) and the Institute of 
Electronic, Information, and Communica¬ 
tions Engineers (IEICE) of Japan. 

International editor for IEEE Design & 

Test of Computers since 1984, Yamada guest 
edited the 1985 October D& T special issue on 
Japan, and arranged for an original Japa¬ 
nese article for the November 1984 issue. 
Other activities include member of the 
Executive Committee of the Design Automa¬ 
tion Technical Committee, the IPSJ Interna¬ 



tional Activities Board, and IFIP Working 
Group 5.8 and 10.2 and chair of IPSJ DA 
Working Group (1981-1984). 

Yamada, chief engineer in the Information 
Processing Group at NEC Corporation, is in 
charge of planning application systems 
including CAD/CAM/CAE. He previously 
managed the CAD Engineering Department, 
Computer Engineering Division, and the 
CAE Systems Department, EDP Manufac¬ 
turing Industry Systems Division of NEC. 

He received his BE degree in 1959 and doc¬ 
torate of engineering in 1980, both from 
Osaka University, Osaka, Japan. 


Marshall C. Yovils 

Position statement. One 
of the Computer Soci¬ 
ety’s major objectives 
could be to achieve the 
status of the profes¬ 
sional society which 
speaks for computer 
engineering and com¬ 
puter science. If we are 
to speak with authority in engineering, scien¬ 
tific, and professional matters, this domi¬ 
nant role is essential, and I will support it in 
any way that I can. Computer science and 
engineering requires a single organization to 
represent it professionally, and it should be 
the Computer Society. 

I have been involved in computer engineer¬ 
ing and computer science for many years in 
numerous roles. I believe that my six years of 
service on the ACM Council will be invalua¬ 
ble in establishing closer ties between the two 
organizations. A closer relationship can only 
help in enhancing the Computer Society 
position. 

In seeking to establish dominance nation¬ 
ally, the Computer Society must not forget 
its responsibility to you, the members. 

Within our limited resources we must pro¬ 
vide effective services, recognizing that our 
members have a variety of interests. 

Biography. Yovits has been involved in the 
computer field for many years in a number 
of capacities. He is the editor of the hard¬ 
cover series, Advances in Computers, edited 
by Academic Press. For the Computer Soci¬ 
ety, he has taken a major role in both the 
Educational Activities Board and the 
Awards Committee. He represents the soci¬ 
ety on the Board of Directors of the Institute 
for the Certification of Computer Profes¬ 
sionals and has been a member of the Com¬ 
mittee on Public Policy. He previously 
served in a number of important roles in the 
ACM. He organized and chaired the first 
Computer Science Conference, now a major 
ACM conference. 

Yovits is currently dean of science of the 
Purdue School of Science in Indianapolis. 
Before that he organized and chaired the 
Department of Computer Science at Ohio 
State, where he was also a professor of elec¬ 
trical engineering. He has held positions with 
the Office of Naval Research and with Johns 
Hopkins Applied Physics Laboratory. 

Yovits received a PhD from Yale and a BS 
from Union College, Schenectady, New 
York, both in physics. He is a fellow of the 
IEEE and of the American Association for 
the Advancement of Science. He has held 
elected positions in both the AAAS and 
EDUCOM. 
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High-speed multiplier 
uses 50 percent less 
chip area and power 

Jon T. Butler, James H. Pugsley, 

and Charles B. Silio, Jr. 

Can multiple-valued logic be used to 
achieve a reduction in the chip area of 
arithmetic circuits? 

This was the question posed and 
answered by Shoji Kawahito, Michitaka 
Kameyama, and Tatsuo Higuchi of 
Tohoku University, Sendai, Japan, and 
Haruyasu Yamada of Matsushita Elec¬ 
tric Industrial Co. of Osaka, Japan. 
They presented the design of a 
32 x 32-bit multiplier in a paper appear¬ 
ing in the Proceedings of the 17th 
International Symposium on Multiple- 
Valued Logic. 1 

The question Nvas answered affirma¬ 
tively in 1980 in published reports, 2 ' 3 
describing use of a multiple-valued 
read-only-memory (ROM) in the con¬ 
trol store of the Intel 8087 numeric data 
processor chip. However, until now, a 
similar achievement had not been made 
in random logic circuits for implement¬ 
ing the arithmetic operations. 

Intel used 4-valued ROMs in the con¬ 
trol stores of both the 8087 numeric 
data processor and the iAPX 432-03 
input/output interface processor, 4,5 to 
dramatically reduce chip area consumed 
by the control stores of these otherwise 
binary processors. Intel’s 4-valued 
ROMs were made by placement of a 
transistor with one of four widths in 
each ROM cell that, when sensed, pro¬ 
duce one of four distinct voltage values. 
The sensed voltage is then compared to 
each of three threshold reference vol¬ 
tages, and the resulting output is con¬ 
verted to a two-bit binary number for 
use in the remaining on-chip binary cir¬ 
cuitry. 

Similar concepts of 4-valued ROM 
cell storage, threshold detection com¬ 
parisons, and translation to binary out¬ 
put values also have been used in mask 
programmed ROM chips developed at 
Motorola 6 and General Instruments. 7 
Designers at Intel made 4-valued ROM 
cells and reference devices by varying 
transistor width in the diffusion layer. 
Designers at Motorola varied transistor 
length/width ratios in the polysilicon 
layer, and designers at General Instru¬ 


Photomicrograph of 32 X 32-bit radix-4 signed digit multiplier implementation 
developed through joint work at Tohoku University and Matsushita Electric Indus¬ 
trial Co. The reported size of the multiplier is 5.23 X 3.16mm 2 , its power dissipation 
is 0.5W, and it is implemented in a two-micron CMOS technology that, in addi¬ 
tion, includes depletion-mode p-channel MOSFET current sources. 


ments produced 4-valued ROM cells by 
varying the transistor turn-on threshold 
voltage using ion implants. A summary 
description of these multiple-valued 
ROM implementation techniques was 
presented in 1986 by Rich. 8 


The multiple-valued ROMs have 
somewhat slower access times than their 
binary counterparts, but they provide 
the advantage of substantially reduced 
chip area for storage of the same quan¬ 
tity of binary information. However, 
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the reduced speed is acceptable in many 
applications. Prior attempts to use 
multiple-valued circuits in random logic 
implementations of arithmetic circuits 
have suffered from similar problems of 
slower speed, higher power consump¬ 
tion, or both. 

These speed and power problems for 
random logic multiple-valued circuits 
appear to have been conquered in the 
Kawahito et al. multiplier by combined 
use of a system design that reduces 
carry propagation delays and multiple¬ 
valued circuit designs that result in 
speed comparable to a binary imple¬ 
mentation of similar functionality, and 
with both reduced chip area and lower 
power consumption. 

kawahito et al. reported on the 
design and fabrication of a high-speed 
32 x 32-bit binary multiplier using two- 
micron CMOS technology. They 
reported a multiply time of 59 ns, com¬ 
pared with the 56 ns reported for the 
recent 32 x 32-bit multiplier described 
by Gamal et al. 9 

The Japanese researchers have 
achieved essentially the same speed with 
approximately half the chip area and 
half the power dissipation by using a 
radix-4 signed-digit number representa¬ 
tion and nonbinary current-mode cir¬ 
cuitry. In signed-digit arithmetic, a 
given sum digit depends on carries from 
no farther away than the next lower 
digit, compared to a ripple-carry adder 
where a given sum digit may depend on 
a carry from the lowest-order bit posi¬ 
tion. This characteristic is achieved 
through a tradeoff; almost all numbers 
have more than one representation. To 
achieve the needed logic operations, the 
researchers developed bi-directional 
current-mode CMOS circuits using cur¬ 
rents for logic levels, with the direction 
of the current representing the sign of 
an integer and the magnitude of the cur¬ 
rent the magnitude of the integer. 
Signed-digit full adders using such cir¬ 
cuitry are cascaded to form signed-digit 
adders. 

Partial products are generated by 
conventional binary CMOS (voltage¬ 
mode) circuits. The partial product out¬ 
puts are converted to currents and 
added with signed-digit nonbinary 
current-mode adders, implementing a 
modification of Booth’s algorithm. The 
output of the multiplier is converted 
back to a voltage-mode two’s comple¬ 
ment binary representation for compati¬ 
bility with normal binary chips. 

For further information, contact Tat- 
suo Higuchi or Michitaka Kameyama, 
Dept, of Electronic Engineering, 

Faculty of Engineering, Tohoku Uni¬ 
versity, Aoba Aramaki, Sendai 980, 
Japan. 
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Computer Society votes to end 
National Computer Conference 


After extensive discussion and 
review, the Computer Society’s Board 
of Governors has concluded that NCC 
has outlived its usefulness as a confer¬ 
ence series. At its June 19 meeting in 
Chicago immediately following NCC 
87, the board passed a four-part reso¬ 
lution calling for termination of the 
series. 

Background.The National Computer 
Conference (NCC) is owned by four 
professional societies and a federation 
of 11 professional societies. The Com¬ 
puter Society is an owning society of 
NCC, and is also a member of the fed¬ 
eration, the American Federation of 
Information Processing Societies 
(AFIPS). The other owning societies are 
the Association for Computing Machin¬ 
ery (ACM), the Society for Computer 
Simulation (SCS), and the Data 
Processing Management Association 
(DPMA). NCC policy is set by the 
National Computer Conference Board 
(NCCB), a board of eight persons who 
represent the owning societies. The 
Computer Society has one representa¬ 
tive and one vote on that board. 

The last several NCCs have shown a 
consistent decline in attendance and in 
the size of exhibits accompanying the 
conference program. At its peak, NCC 
would draw almost 100,000 attendees; 
in 1987, attendance is estimated to have 
been 14,000. NCC has been the subject 
of much criticism in the trade press and 
appears not to meet the needs of the 
professional community. 

Some of the sponsors favor continu¬ 
ing the conferences, and contracting 
with a management organization to run 
future NCCs. At NCC 87 in Chicago 
tentative plans were announced for the 


management to be taken over by ISASI, 
a for-profit subsidiary of the Instru¬ 
ment Society of America (ISA), one of 
the member societies of AFIPS. Those 
plans, based on a preliminary letter of 
intent which is still the subject of debate 
within the NCCB, were not resolved at 
press time. NCCB action on the pro¬ 
posed ISASI contract and on other mat¬ 
ters pertaining to NCC’s future was 
expected by the end of July. 

Resolution. The text of the resolution 
passed by the Computer Society’s 
Board of Governors is as follows: 

RESOLVED, that the Board of Governors 
of the Computer Society directs the Presi¬ 
dent, the Computer Society directors on the 
AFIPS Board of Directors, and the Com¬ 
puter Society representative to the NCCB to 
work with the other parties to the NCC 
agreement to cancel all future NCCs, begin¬ 
ning with NCC 88; and, 

FURTHER RESOLVED, that the Presi¬ 
dent, the Computer Society directors on the 
AFIPS Board of Directors and the Computer 
Society representative to the NCCB shall 
exert their best efforts to see that the agree¬ 
ment embodied in the letter of intent 
between the NCCB and ISASI dated June 5, 
1987, is terminated before July 10, 1987; 
and, 

FURTHER RESOLVED, that the Presi¬ 
dent may, after consultation with the Com¬ 
puter Society directors on the AFIPS Board 
of Directors and the Computer Society repre¬ 
sentative to the NCCB, effect the withdrawal 
of the Computer Society from the NCC 
agreement; and, 

FURTHER RESOLVED, that the Presi¬ 
dent, the Computer Society directors on the 
AFIPS Board of Directors, the Computer 
Society representative to the NCCB and the 
Executive Director are directed to take all 
necessary steps to eliminate or minimize 
Computer Society liabilities pursuant to the 
NCC agreement. 
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NCC keynoter warns US: 

Establish Information Age game plan or risk being left behind 


Chuck Governale, Assistant Editor 

The United States must soon adopt a 
game plan for the Information Age to 
stay ahead of other countries in the 
management of information for major 
service industries and, as a result, main¬ 
tain global economic leadership. 

If the US fails to make such a collec¬ 
tive strategic effort, it will risk falling 
behind and becoming an also-ran 
nation in the 21st century. This will 
especially occur if Japan, for one, con¬ 
tinues progressing as it has. 

Robert W. Galvin, chairman of the 
board of Motorola and the US negotia¬ 
tor on the access portion of last year’s 
US-Japan semiconductor agreement, 
issued that warning June 15. He was 
delivering the keynote address at the 
1987 National Computer Conference in 
Chicago. 

In a talk he called “The Power of 
Information,” Galvin said that: 

• The service sector, mainly comprising 
hotels, investment companies, banks, 
the insurance industry, hospital 
chains, communication carriers, 
transportation, construction, trading 
and merchandising, holds the key to 
future economic leadership. 

• Japan is already targeting the service 
sector. 

• Japan will likely persist in its invest¬ 
ments, exports and transactions in 
services on an international scale. 

• The Japanese can carry out this pro¬ 


cess on a systems basis “better than 
anyone else.” 

• The information profession provides 
the key means for a nation’s world¬ 
wide success in the service sector. 

“The result,” said Galvin, “will be a 
likely opportunity for one nation’s 
investor/managers to achieve a 
disproportionate—possibly over¬ 
whelming-role in the world’s service 
sector economy of the early 21st 
century. 

He said a half century ago, when his 
father was grooming him to “assume 
the leadership of our little radio com¬ 
pany,” the firm “could prepare for the 
future by merely anticipating each 
opportune derivation of a current offer¬ 
ing to the next development, applying it 
in separate virgin markets.” 

But, recent technological develop¬ 
ments have changed everything, he said. 

“Microprocessors, supercomputers, 
satellites and all the rest have shrunk 
time and distance and imposed on us 
the need to cope with structurable mar¬ 
kets of global proportions. The strate¬ 
gies to win these will require national 
dedication. 

“It won’t be easy, but Americans 
must come to the reality that, to retain 
the leading world economy, we must 
plan for it, together as Americans. We 
must get about the ways to do 
it—now.” 

He said the way to start is to establish 
a national goal, and added: 


“I foresee an opportunity and a 
likelihood that the nation which masters 
the grand management of information 
for the prime services industries of the 
service sector, along with the ownership 
of the key parts of the service sector in 
major developed world markets, is des¬ 
tined to global economic leadership of 
historic proportions.” 

The impact on the information 
processing and communications indus¬ 
try in the country that assumes leader¬ 
ship “will be dramatically favorable” 
and, by contrast, the effect on the 
“also-ran country will be comparatively 
debilitating.” 

He said such Japanese qualities as 
their constantly improving education 
system and “instinctive will to rally to a 
vision” have resulted in a collective 
“competence at managing services with 
information.” 

The keynoter said that the kind of 
fresh collective strategic thinking he is 
calling for in the US and other parts of 
the world is already under way in 
Japan. 

At a press conference afterwards, 
Galvin said that gaining awareness of 
what needs to be done is the prime 
essential; that Americans have shown 
that, when they formally set a goal and 
dedicate themselves to it, they usually 
achieve it; and that the education sys¬ 
tem will have to play a key role in 
spreading his concept. 



NCC keynoter Robert W. Galvin of 
Motorola called for national goal¬ 
setting to maintain US technological 
leadership. In addition to directing one 
of the world’s leading high-tech compa¬ 
nies, Galvin has led Motorola’s cam¬ 
paign to raise public awareness of fair, 
effective world trade and was a major 
architect of a recent US-Japan trade 
agreement that opened the Japanese 
semiconductor market to Americans. 


a 
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AFIPS President Jack Moshman of Moshman Associates and NCC 87 Program 
Chair Margaret Butler of Argonne National Laboratory welcome attendees to the 
1987 National Computer Conference. John Brown (not shown) of AT&T Informa¬ 
tion Systems served as NCC 87 general chair. The conference, held in Chicago’s 
McCormick Place June 15-18, featured 96 program sessions in eight tracks plus 
exhibits and special events, including the US MicroMouse contest and a Pioneer 
Day on early operating systems. 
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Amdahl receives 
Eckert-Mauchly Award 

Gene Amdahl, chairman of ELXSI, 
received the 1987 Eckert-Mauchly 
Award at the National Computer Con¬ 
ference in Chicago June 16. 

The award is given annually by the 
Association for Computing Machinery 
and the Computer Society of the IEEE 
to recognize an individual “for techni¬ 
cal contributions to computers and digi¬ 
tal systems architecture.” Amdahl was 
cited by the award committee for his 
“outstanding innovations in computer 
architecture, including pipelining, 
instruction look-ahead, and cache 
memory.” 

The award is named in honor of J. 
Presper Eckert and John Mauchly, 
coinventors of the world’s first elec¬ 
tronic computer. 

Amdahl was chief designer for the 
IBM 704, initial planner for the IBM 
709 and 7030, and manager of architec¬ 
ture for the System/360. He was named 
an IBM Fellow in 1965 and subse¬ 
quently appointed director of IBM’s 
Advanced Computing Systems 
Laboratory. 

In 1970 Amdahl formed Amdahl 
Corp. In 1980 he retired from Amdahl 
to begin Trilogy Systems. In 1985, Tril¬ 
ogy acquired ELXSI and Amdahl 


became its chairman. 

Amdahl holds a number of US 
patents in hardware and software sys¬ 
tems. He received a PhD in theoretical 
physics from the University of Wiscon¬ 
sin in 1952 and a BS in engineering 
physics from South Dakota State Uni¬ 
versity in 1948. 


He has received four honorary doc¬ 
torates and numerous awards, including 
the 1976 W. Wallace McDowell Award 
from the Computer Society of the 
IEEE, the 1976 Computer Science Man 
of the Year Award from DPMA, and 
the 1983 Harry Goode Memorial Award 
from AFIPS. 



Gene Amdahl (right) accepts the 1987 Eckert-Mauchly Award from John P. 
Riganati, who chaired the selection committee. Amdahl was cited for “outstanding 
innovations in computer architecture, including pipelining, instruction look-ahead, 
and cache memory.” 


Bailey wins 1987 Excellence in Technology Award 


William O. Bailey, vice chairman of 
Aetna Life & Casualty and chairman 
and chief executive officer of MBIA, 
was awarded the 1987 Excellence in 
Technology Award prior to NCC ‘87 
June 15 in Chicago. 

BusinessWeek magazine, the Gartner 
Group, and the National Computer 
Conference jointly sponsor the award, 
presented annually to a CEO for execu¬ 
tive leadership in managing information 
technology. 

The Excellence in Technology Award 
winner is chosen by a selection commit¬ 
tee of chief information officers. A can¬ 
didate must demonstrate support of 
advanced information technology that 
contributed to his or her company’s 
leadership within its industry. The tech¬ 
nology must have increased internal 
productivity within the last five years. 

The award was founded in 1986 by 
the Gartner Group, an information 
industry strategic planning and consult¬ 
ing firm. BusinessWeek and NCC 
joined as cosponsors for the first time 
this year. 


In the mid 1960s, Bailey directed processing system. During the late 

efforts to automate automobile insur- 1970s, he organized and directed the 
ance back-office operations. In the development of the Gemini system, 

early 1970s, he supported the develop- which automated independent insurance 
ment of a group health insurance claim- agents’ offices. 


Fortune sponsors product 

Fortune magazine sponsored the 1987 
AFIPS Product of the Year Awards at 
the National Computer Conference in 
Chicago. Companies with winning 
products were IBM, Index Technology, 
and M/A-COM Telecommunications 
Division. 

Jack Moshman, president of AFIPS, 
presented awards to products in the 
hardware, software, and computer sys¬ 
tems categories. 

The award for hardware went to 
IBM’s 9370 Information System. The 
award for software went to Index Tech- 


awards 

nology’s Excelerator product. The 
award for computer systems went to 
M/A-COM’s Personal Earth Station. 

Awards were also given to Greyhawk 
Systems for their Softplot 2122 and to 
Novell for its Novell Advanced Netware 
software operating system. 

Nominations were open to products 
introduced into the American market¬ 
place within the past two years that 
have demonstrated exemplary design, 
structure, and performance. AFIPS 
formed panels of computer experts to 
review and recommend final award 
winners. 
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Mappy, a demonstration MicroMouse 
(above), showed his maze-running abil¬ 
ity during the three days preceding the 
1987 US MicroMouse Contest, won by 
MITeeMouse II from MIT in a time of 
26 seconds. After each of Mappy’s 
demonstration runs, MicroMouse Chair 
Susan L. Rosenbaum—also known as 
MicroMom—asked a volunteer to 
reconfigure the maze to retest Mappy’s 
ability (top right). He seldom failed. 
Initially, in deference to Mappy’s 
age—he’s been in service almost since 
the contest’s beginnings in the late 
1970’s—Rosenbaum sent Mappy 
through his paces unsuited because of a 
slight cornering problem that was 
aggravated by his oversize shoes. The 
problem was soon corrected, however, 
and by the second day, Mappy 
appeared in full police uniform, as 
shown at right in photo with 
Rosenbaum. 




NCC exhibitors, fewer by far than in former years, included IBM and Fujitsu, both 
of which announced major product introductions, and Xerox, which celebrated the 
10th anniversary of the introduction of its laser printer at NCC 77. 


SUPERVISORY COMPUTER SPECIALIST 
GM-334-15 

Salary Range-$53,830-569,976 
Research Triangle Park, North Carolina 

National Institute of Environmental 
Health Sciences (NIEHS), National In¬ 
stitute of Health, Public Health Service. 
The selectee will serve as Chief, Com¬ 
puter Technology Branch, Division of 
Biometry and Risk Assessment. Respon¬ 
sibilities will include ADP policy, budget, 
staffing, procurement, planning and con¬ 
tract management. At least one year of 
experience equivalent to the GS-14 level 
of the Federal Service in the perfor¬ 
mance of studies, report preparation and 
recommendations is required. Appli¬ 
cants will be rated on 1) State-of-the-Art 
knowledge in computing technology and 
data communications, 2) Ability to 
manage a group with diverse back¬ 
grounds and goals and 3) Skill in verbal 
communication. Employment is full-time 
permanent. Interested applicants can re¬ 
quest a copy of the job announcement 
and application forms by specifying 
AR2708 as the announcement number. 
Applications and necessary forms will 
be mailed to you by sending a card 
postmarked no later than August 14, 
1987, to OPM Job Information Center, 
P.O. Box 25069, Raleigh, NC 27611. U.S. 
Citizenship is required. 

“NIEHS is an Equal Opportunity 
Employer.” 


Late Magazines? 
No Magazines? 
Membership 
Status Problems? 
No Answers 
To Your 
Complaints 7 

Let your 
Computer 
Society 
Ombudsman 
cut 

through 
the red 
tape 
for you. 


Ombudsman 
IEEE Computer Society 
10662 Los Vaqueros Circle 
Los Alamitos, CA 90720 
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THE 1987 FALL JOINT 
COMPUTER CONFERENCE 

INFOMART — DALLAS, TEXAS 
October 25-29,1987 

EXPLORING TECHNOLOGY TODAY AND TOMORROW 

Keynote Speaker — MAX D. HOPPER 

Senior Vice President — Information Systems — American Airlines 



The Fall Joint Computer Conference ’87, a forum for ACM’s and 
IEEE’s Computer Society’s Annual Conference, is to be held at 
Infomart in Dallas, Texas on October 25-29,1987. 

The Professional Education Program (PEP), scheduled for the 
first two days of this conference, will provide intensive one-day 
courses and hands-on workshops in five areas of technology 
and also new this year — Related Issues. Take a look at the 
schedule for Sunday and Monday, October 25 and 26,1987. 

The technical conference, which begins Tuesday, October 27, 
1987 will afford an opportunity of listening to world reknown 
speakers from six different technologies and also a Related Issues 
Track. 

In addition to the conference program and PEP seminars, the 
Exhibition Hall at INFOMART will be filled with exhibits containing 
the latest in hardware and software. 


THE FJCC ’87 CONFERENCE PROGRAM 

Special Evening Sessions — Wednesday, October 28,1987 


PEP Program Tracks 

• Artificial Intelligence 

• Software Systems 

• Software Engineering 

• User Engineering 

• Modeling and Measurement 

• Related Issues 
Conference Program 

• Software 

• International 

• Supercomputers 

• Algorithm Design/Security 

• Database/Computer-Aided- 
Engineering 

• Artificial Intelligence 

• Related Issues 
Exhibits — A Few Are 

IBM TIC Software 

XEROX EPSON 

Intellicorp NCR 


Exploring the Limits of 
Uniprocessor Performance 

Mr. Carl Amdahl, CGA Associates 
Panel Chair with T. Aggerwala, IBM; 

S. Chen, Cray Research; 

R. Tomasulo, CGA Associates 
Computer Science Education in Latin America 
Professor Paulo Franca, Federal University of 
Rio de Janeiro, Panel Chair 
with R. Monaco, University El Sur 
National, Argentina; 

O. Harafie, Organization of American States; 

J.C. Amsalmi, UNESCO 


Heterogeneous Databases: Problems, 
Non Problems and Challenges 

Dr. Ahmed Elmagarmid, The Pennsylvania 
State University, Panel Chair 
with A.P. Sheth, Honeywell Computer 
Science Center; 

J. Menon, IBM Almaden Research Center 
C. Pu, Columbia University; 

T.M. Ozsu, University of Alberta; 

P. Valduriez, MCC; 

R. Elmasri, University of Houston 
The Development of Expert Systems — 
Some Pragmatic Issues 
Ms. Lorraine M. Duvall, Duvall Computer 
Technologies, Inc., Panel Chair 







FALL JOINT 

COMPUTER CONFERENCE 
October 25-29, 1987 
INFOMART 
DALLAS, TEXAS 

FJCC 87 CONFERENCE 
REGISTRATION FORM 
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FJCC HOTEL RESERVATION FORM 
October 25-29,1987 

Loews Anatole Travelodge 

(formerly Viscount) 

Single $87 $59 

Double $99 $59 

Please indicate room preference by circling the appropriate rate. 9% tax is 
applicable to all above rates. 

Arrival Date-Departure Date- 

Name--—- 

Affiliation --— 

Address __._ 

City-State-Zip- 

Accompanying Person(s)- 

Reservations must be received by appropriate hotel by October 4,1987 . 

Deposits are required if you plan on arriving after 6 p.m. to guarantee availability 
of your room. Deposits will be refunded by the hotel if you cancel at least 48 
hours prior to the arrival date. 

Loews Anatole Reservations — please send completed form to: 

Loews Anatole Hotel — Headquarters Hotel 
Reservations Department 
2201 Stemmons Freeway 
Dallas, TX 75207 

Phone reservations will also be accepted by calling (214) 748-1200 or toll-free 
at (800) 223-0888. 


Travelodge Reservations — please send completed form to: 

DMC Services 
FJCC 87 
P.O. Box 58755 
Dallas, TX 75207 

Phone reservations will also be accepted by calling (800) 972-1163. 


TRAVEL SERVICES 

DMC Services has been named the official travel coordinator for FJCC '87. 
Special air fares have been arranged with American Airlines. A 40% discount 
off the cost of the coach fare in effect the date the tickets are purchased 
is available to FJCC attendees. Additionally, American Airlines is offering 
a 5% discount off the lowest applicable round trip fare, subject to availability. 
Special car rental rates have also been arranged by DMC Services through 
Dollar Rent-A-Car. These rates start as low as $29.00 a day or $140 a 
week for an economy size car. 

For information and/or reservations call toll-free (800) 972-1163. 


Also — To be named during this joint conference of the ACM and 
IEEE is the Turing Award Recipient. 


Computer Chess Tournament: 

The ACM’s 18th North American Computer Chess Championship 
1st, 2nd, and Final Rounds on October 25, 26 and 27. 



































FJCC 87 Professional Education Program 


Sunday — October 25,1987 (9 am - 5 pm) 

Artificial Intelligence 

345 Computer Vision 

John R. Kender, Columbia University 

380 Computer Architectures for Knowledge Processing 

Ghassan Z. Qadah, Northwestern University 

340 Machine Learning 

Michael Lebowitz, Columbia University 

370 Knowledge Acquisition Techniques for Expert System Development 

Karen L. McGraw, Texas Instruments 

375 Speech Recognition: From Isolated Digits to Natural Language Dictation 

Paul Bamberg, Dragon Systems 

390 introduction to Building Expert Systems 

John McGregor, Murray State University 

Modeling and Measurement 

110 Discrete-Event Simulation and Modeling 

Osman Balci, Virginia Polytechnic Institute and State University 

Computer Design 

940 Date Flow Computing: Models, Languages and Machines 

Jayantha and Susantha Herath, Keio University 

910 Using Laser Optical Technologies 

Greg Baur and D.V. Pigford, Western Illinois University 

920 Introduction to Fault-Tolerant Computing with Applications 

Bill D. Carroll, University of Texas; Victor P. Nelson, Auburn University 

970 Concurrent Processing Architectures 

Phil Neches, Teradata Corporation 

Software Systems 

210 The UNIX" Operating System 

John H. Carson, George Washington University; SW Productivity Consortium 

250 An Ada© Primer 

J.L. Silver, K.O. Rehmer, L. Rising, M. Temte, Purdue University at Ft. Wayne 

280 Applications Development Technologies: Fourth Generation Languages 

Donald R. Chand, Bentley College; Sri Raghavan, Wang Institute 

Software Engineering 

450 Program Design Language (PDL): What It Does; How You Use It 

Richard H. Smith, Whittaker 4C, Torrance, CA 

460 Computer-Aided Software Engineering for Business Applications 

Raymond Yeh, SYSCORP International 

490 Database Systems Design 

Julia Hodges, Mississippi State University 

Tom Gilb, Consultant 

630 New Paradigms for Software Development 

William W. Agresti, Computer Sciences Corporation 

645 Statistical Approach to Software Engineering 

C.K. Cho, Consultant 

User Engineering 

520 Principles and Guidelines in User Interface Design 

Deborah Mayhew, Deborah J. Mayhew & Associates 

Related Topics 

Susan Helms, Hardin-Simmons University 

840 Project Planning & Management: State-of-the-Art Strategies 

Lois Zells, Lois Zells & Associates 

860 Dynamics of Expert Interviewing 

Michael Burrrson, Texas Instruments 


Monday - October 26,1987 (8 am - 4 pm) 

Artificial Intelligence 

385 Computer Architectures for Knowledge Processing 

Ghassan Z. Qadah, Northwestern University 

350 Natural Language Processing 

Michael Lebowitz, Columbia University 

320 LISP and Al Programming 

Harlan H. Black, US Army Communications/Electronics Command 

330 Knowledge Based Expert Systems Merger of Al & DBMS Techniques 

Lois Boggess and Julia Hodges, Mississippi State University 

360 Knowledge Acquisition: Gathering and Interpreting Expertise 

Roy Maxion, Carnegie Mellon University; Mark Detweiler, University of Pittsburgh 

Modeling and Measurement 

115 Discrete-Event Simulation and Modeling 

Osman Balci, Virginia Polytechnic Institute and State University 

Computer Design 

945 Data Flow Computing: Models, Languages and Machines 

Jayantha and Susantha Herath, Keio University 

930 Design and Test of Reliable Fault-Tolerant Systems 

Dhirah K. Pradhan and Adit Singh, University of Massachusetts at Amherst 

950 Parallel Processing Networks and Systems 

Howard J. Siegel, Purdue University 

960 VLSI Computer Architecture for GaAs Technology 

V. Milutinovic, Purdue University 

Software Systems 

240 Hands-On C Programming 

Vess Lee Johnson, Mississippi State University 

230 Software Development With UNIX" 

John H. Carson, George Washington University; SW Productivity Consortium 

260 Ada T “ Tasking and Tasking Paradigms 

Edward Colbert, Absolute Software Company 

290 Fault-Tolerant Distributed Software 

Ahmed Elmagamid, The Pennsylvania State University 

Software Engineering 

Zohar Manna, Stanford University; Richard Waldinger, SRI International 

440 Object-Oriented System Design and Implementation 

John McGregor, Murray State University 

475 Building Defect Free Software 

Michael E. Fagan, IBM TJ Watson Research 

Tom Gilb, Consultant 

Concepts and Solution 

Amit P. Sheth, Honeywell CSDD 

610 Automated Configuration Management of the Software Life Cycle 

Kevin R. Nix, Softool Corporation 

User Engineering 

535 User Engineering and Active Prototyping 

L. McLaughlin, L. Valt, S. Overmyer, TRW Defense Systems Group 

Related Topics 

810 The Micro Information Center: Serving the End-User 

Christine Dobson and Robert M. Peden, INFOMART 

David M. Rappaport, Arthur Andersen & Co.; Karen Quinn, University of Chicaqo 

850 Financial Aspect of New Technology Enterprises 

R.G. Garrick and S.A. Myers, Ernst & Whinney 


FJCC Presents the best in Professional Education Programs (PEP) with speakers who are leaders in their field of expertise All courses are either har 
on workshops or lecture-style presentations and are one-day sessions. Sunday, October 25 or Monday, October 26,1987. 

«6 U o e 38, ffirxW’SEa'“«Sw?SSS1^Fjca ommer,ded - Addi,ional lnforma,ion ° n PEPs is available from INF0MART ’ 1950 Stemmons 


Exhibitors Forum/Technical Presentations 


1. Technical Architecture and Work Bench 
Deon Fair — Arthur Andersen & Company 

2 Supporting End User Computing 

Tom Samson — Arthur Young & Company 

3 Doing Your Own Technical Publishing 
Marta Volbrecht — OPT Corporation 

4 Harnessing the Power of Your Existing Computer Resources 
Chuck Barnes — CYB Systems, Inc. 

5 NOS 0rRin9 PC s ln A True Peer t <>-Peer Environment Using Corvus PC- 

Linda Baker — Corvus Systems, Inc. 

6. Running Data Processing Like A Business 

Gary W. Kirkham — Forecasting Planning Associates 

7 IDA — A Step Toward Integration of Al and DB Technologies 

Dr. Gabriel Jacobson — GTE 

8 Benefits of Lap-Top Applications at Northern Telecom 

Darrall Jennings — Grid Systems 


9. IBM Presents the New Personal System/2 

Man/in Bond — IBM 

10. UNIX Supermicrocomputer Systems: Today's Technology and 
Tomorrow's Forecast — NCR 
11 Local Area Networks: The Communications Link 
Peggy Burt — Novell, Inc. 

12. Turn Your Lemmons into Lemonade 
Jack D. Spencer — R's Data Sen/ice 

13. Texas Innovation Information Network System 
John Rodman — Lehr McKenzie 

14. UNISYS Position Statement and Product Overview of Knowledge Based 
Systems 

Les Baker - UNISYS 

15. Demonstration: 2 Newest members of Product Family 

Wang Information Services Corporation 

16. Nothing Much Happens Until A Document Changes Hands 

Joanna Mathieson — Xerox Corporation 
























































































Technical Sessions 


SOFTWARE TRACK: 

. Alternative Software Development Paradigms 

Chaired by Dr. William Lively, Texas A&M University 

• Software Design Synthesis 

Dr. Winston W. Royce, Lockheed Software Technology 
Center — Chair 

• Software Design Synthesis for FAA 

Dr. Philip Yoh, FAA — Chair 

. Software Design Synthesis for Strategic Computing 
Dr. Carl Davis, University of Alabama — Chair 

• Can Software Quality Be Measured? 

John D. Musa, AT&T Bell Laboratories — Chair 

• Software Problems of Large Organizations 

John Manley, Computing Technology Transition, Inc. — 
Chair 

• Solution to Large Software Development Problems 

William E. Riddle, Software Productivity Consortium — 
Chair 

INTERNATIONAL TRACK: 

• Advanced Workstations in Japan 

Dr. Jumihiko Kamijo, Information Technology Promotion 
Agency, Japan & Les Beladz, MCC, Panel Co-Chairs 

• TRON and Data Flow Machines 

Prof. Ken Sakamura, The University of Tokyo, Japan — 
Chair 

• Computer Technology in Europe 

Dr. Herbert Weber, Universitate Dortmund, Germany — 
Chair 

• Computer Technology in Asia & Brazil 

Dr. Pete A. Ng, New Jersey Institute of Technology — 
Chair 

• Issues on Software Development in Japan 

N. Akira Onoma, Hitachi, SK, Japan — Chair 

• Technology War 

Dr. Michael A. Harrison, University of California 
at Berkeley — Chair 

• Future of Information Industry 

H.L. Poppel, Broadview Associates 

• Visual Languages 

Dr. Shi-Kuo Chang, University of Pittsburgh; Dr. Tadao 
Ichikawa, Hiroshima University, Japan — Co-Chairs 

SUPER COMPUTER/PARALLEL 
COMPUTATION TRACK: 

• Super Cocnputers/Parallel Computation 

Dr. Aloysius K. Mok, The University of Texas at Austin 
— Session Chair 

• Parallel Computation 

Dr. Andre van Tilborg, Office of Naval Research — 
Panel Chair 

• Algorithm Design for Parallel Architectures 

Dr. David Matula, Southern Methodist University — 
Chair 


For exhibitor information 
contact 

Cynthia Cegelski 
Telephone (214) 746-3547 
or 

(800) 322-FJCC 


ALGORITHM DESIGN/SECURITY TRACK: 

• Algorithm Design 

Prof. Peter Kornerup, Aarhus University, Denmark — 
Session Chair 

• Computer Security 

Dr. Virgil D. Gligor, Virgil D. Gligor, Inc. — Session Chair 

DATABASE/COMPUTER AIDED ENGINEERING 
TRACK: 

• Database: Design and Modeling 

Dr. David Hsiao, Naval Postgraduate School — Session 
Chair 

• Computer Aided Database Engineering 

Dr. Nick Roussopoulous, University of Maryland — 

Chair 

• Computer-Aided-Design 

Dr. Herbert Freeman, Rutgers University — Session 
Chair 

• Fault Tolerance 

Charles Graff, Center For Communications Systems — 
Session Chair 

• Communications 

Dr. Edwin C. Foudrat, NASA, Langley Research Center 
— Session Chair 

ARTIFICIAL INTELLIGENCE TRACK: 

• Logic Programming & Architectures 

Prof. Masayuki Ida, Aoyama Gakuin University; Dr. Du 
Ghang, University of Illinois at Chicago — Session 
Chairs 

• Image Recognition/Signal Processing 

Dr. J.K. Aggarwal, The University of Texas at Austin — 
Chair 

• Al Theory 

Prof. P. Bruce Berra, Syracuse University — Chair 

• Al Application 

• Al and Software Engineering 

Dr. David Yun, Southern Methodist University — Panel 
Chair 

RELATED ISSUES TRACK: 

• Formal Networks: information, Research, Capital 
John Rodman, Texas Innovation Information Systems — 
Chair 

• Technology Commercialization 

Meg Wilson, The University of Texas Center for Tech¬ 
nology Development and Transfer — Chair 

• Major Legal Issues Caused by Recent Advances in 
Computer Technology 

Jerry Keys of Brown, Maroney, Rose, Barber & Dye — 
Chair 

• Finance Issues in Technology 

Ronald G. Garrick, Ernst and Whinney — Chairman 

• High Technology Marketing 

Dr. Raymond W. Smilor, 1C 2 Institute — Chairman 
. Science, Math and Computer Education 
Dr. Cathy Peavler and Dr. Barbara ten Brink, Texas 
Education Agency — Co-Chairs 

• Technical Training and Continuing Education 

Dr. Thomas Stauffer, University of Houston at Clearlake 
— Chair 

. Computer Education: Today & Tomorrow 






CALL FOR PAPERS 

national Symposium on 

7 Architecture 


May 3mh-**fcd. 1988 
llikai Hote l 

HonoluluJhMfel $A 



Doug DeGroot 
Texas Instn. 
Computer 
Mail Stop' 

P.O. Box 655474 
Dallas, TX 


Tutorials Chair 

Shreekant S. Thakker 
Sequent Computer Systems 
15450 S,W. Koil Parkway 
Beaverton, OR 97006-6063, 

Proceedings Chair 

Jose Fortes 
Purdue Univ. 



sponmmm km, ^ 

the Institute of Electrical and Electronics Engineers 
Association f^rCoffPMilh^ Machinery aorn 


Vale N. Patt 

Jv. California, Berkeley 
' puter Science Div. 
Evans Hall 
Berkeley, CA 94720, USA 


iegistration Chair 

lathamal J Davis IV 

Tech. 



Submit five copies of papers (in English, not to 
exceed 20 double-spaced pages) to either Program 
Chair. Papers will be accepted for evaluation until 
Friday, November 13, 1987 Each paper should 
have a cover page which includes: paper title and 
the full names, affiliations, complete addresses, 
and phone numbers of the authors. Notification of 
acceptance will be given by February 8, 1988. 
Authors of accepted papers will be requested to 
submit a final, camera-ready copy by March 8,1988. 

Send five copies of proposals for full or 1/2 day 
tutorials to the Tutorials Chair. Tutorial proposals 
must be received by November 13,1987. Proposals 
should include: speaker resume, tutorial title, 
intended audience, assumed attendee background, 
course description, outline, and a sample of several 
overhead/slides from the tutorial. 

For information about student travel grants, 
contact the Student Grants Chair. For information 
about exhibits, contact the Exhibits Chair. 


Papers and tutorials are solicited in any aspect of 
Computer Architecture. Topic areas include, but are 
not limited to: 

• Language oriented architectures 

• Distributed and parallel architectures 

• Performance evaluation and measurement 

• Advanced devices (optical, GaAs, etc.) 

• Microarchitecture 

• Memory systems 

• I/O architectures 

• Interconnection networks 

• VLSI impact on architecture 

• Operating systems oriented architectures 

• Architectures for transaction-based systems 

• Architectures for artificial intelligence 
applications 

• Novel computing techniques (connectionism, 
neural networks, etc.) 

• Tools and methods for architecture design 
and description 








CALENDAR 


August 1987 

25th Annual Conference of the Urban and 
Regional Information Systems Association 
(URISA), August 2-6, Fort Lauderdale, 
Florida. Contact Thomas Palmerlee, 

URISA, 319 C St. SE, Washington, DC 
20003;(202)543-7141. 

Seventh International Conference on Com¬ 
puter Science (IEEE), August 3-7, Santiago, 
Chile. Contact Hector Garcia-Molina, Dept, 
of Computer Science, Princeton University, 
Princeton, NJ 08544. 

12th Structured Methods Conference (Struc¬ 
tured Development Forum and Structured 
Techniques Association), August 3-7, Grand 
Rapids, Michigan. Contact Derek Hatley, 
Lear Siegler, Inc., Instrument Division, 4141 
Eastern Ave. SE, Grand Rapids, MI 49508 
or Structured Techniques Association, 3 
First National Plaza, Suite 1400, Chicago, IL 
60602;(312)781-9625. 

1987 International Conference on Chinese 
Information Processing, August 4-6, Beijing. 
Contact Fan Bing Jung, China Computer 
Technical Service Corp., PO Box 4708, Beij¬ 
ing, China. 

IEEE/ACM Symposium on the Simu¬ 
lation of Computer Networks (Com¬ 
puter Society, ACM, SCS), August 5-7, 
Colorado Springs, Colorado. Contact Mitch¬ 
ell Spiegel, GTE Systems, 1700 Research 
Blvd., Rockville, MD 20850; (301) 294-8400. 


International Conference on Human- 
Computer Interaction, August 10-15, Hono¬ 
lulu. Contact Gavriel Salvendy, School of 
Industrial Engineering, Purdue University, 
West Lafayette, IN 47907; (317) 494-5426. 

ACM SIGComm 87 Workshop: Frontiers in 
Communications Technology, August 11-13, 

Stowe, Vermont. Contact John Trono, 
Computer Science Dept., St. Michael’s Col¬ 
lege, PO Box 243, Winooski, VT 05404. 

Crypto 87, August 16-20, Santa Barbara, 
California. Contact Gordon B. Agnew, 

Dept, of Electrical Engineering, University 
of Waterloo, Waterloo, Ontario N2L 3G1, 
Canada; phone (519) 885-1211, ext. 3041. 

Engineering and Manufacturing 87 (NCGA), 
August 17-20, Boston. Contact Christine 
Radiske or Marjorie Foos, National Com¬ 
puter Graphics Association, 2722 Merrilee 
Dr., Suite 200, Fairfax, VA 22031; (703) 
698-9600. 

Ninth International Conference on 
Production Research (Computer Soci¬ 
ety, IFPR), August 17-20, Cincinnati, Ohio. 
Contact Ernest L. Hall, Center for Robotics 
Research, University of Cincinnati, ML 72, 
Cincinnati, OH 45221. 

1987 International Conference on Parallel 
Processing, August 17-21, St. Charles, 
Illinois. Contact T. Feng, Pennsylvania State 
University, Dept, of Electrical Engineering, 
University Park, PA 16802; (814) 863-1469. 


1987 ASME International Computers in 
Engineering Conference and Exhibition, 
August 9-13, New York. Contact T. James 
Cokonis, General Electric Co., Advanced 
Development and Information Systems, PO 
Box 8555, Bldg.7, Rm. 7244, Philadelphia, 
PA 19101; (215) 354-5112. 

Sixth ACM SIGACT-SIGOps Symposium 
on Distributed Computing, August 10-12, 

Vancouver, British Columbia, Canada. Con¬ 
tact David Kirkpatrick, Dept, of Computing 
Science, University of British Columbia, 
Vancouver, British Columbia, Canada, or 
Fred B. Schneider, Dept, of Computer 
Science, Upson Hall, Cornell University, 
Ithaca, NY 14853. 

Sixth International Conference on Mathe¬ 
matical Modeling: An Interdisciplinary 
Integrative Forum on Mathematical Model¬ 
ing in Engineering, Economics, Biological, 
Medical, Environmental, Social, and Other 
Sciences, August 10-13, St. Louis. Contact 
Ervin Y. Rodin, Dept, of Systems Science 
and Mathematics, Washington University, 
Box 1040, St. Louis, MO 63130; (314) 
889-5806. 


IJCAI-87, 10th International Joint Confer¬ 
ence on Artificial Intelligence, August 23-28, 

Milan, Italy. Contact Marco Somalvico, 
Dipartimento di Elettronica, Politecnico di 
Milano, Piazza Leonardo Da Vinci N.32, 
1-20133 Milan, Italy, or John McDermott, 
Dept, of Computer Science, Carnegie Mellon 
University, Pittsburgh, PA 15213; (412) 
268-2599. 


® International Workshop on Petri Nets 
and Performance Models (Computer 
Society, ACM), August 24-26, Madison, 
Wisconsin. Contact Tadao Murata, Univer¬ 
sity of Illinois at Chicago, Dept, of Electrical 
Engineering and Computer Science, MC 154, 
Box 4348, Chicago, IL 60680; (312) 996-2307 
or (312)996-3422. 

® 1987 IEEE Workshop on Languages 
for Automation, August 24-27, 

Vienna. Contact Shi-Kuo Chang, Dept, of 
Computer Science, University of Pittsburgh, 
Pittsburgh, PA 15260; (412) 624-8441. 


Eurographics 87 (ACM, IFIP), August 
24-28, Amsterdam. Contact Secretariat 
Eurographics 87, c/o Organisatie Bureau 


Amsterdam, Europaplein 12, 1078 GZ 
Amsterdam, The Netherlands; phone 31 (20) 
44-08-07. 


Tencon 87, August 26-28, Seoul, South 
'^7 Korea. Contact Jung Uck Seo, Korea 
Telecom Authority, 100 Sejong-Re, 
Chongro-ku, Seoul 110, South Korea. 


Topical Meeting on Artificial Intelligence 
and Other Innovative Computer Applica¬ 
tions in the Nuclear Industry, August 
31-September 2, Snowbird, Utah. Contact 
John I. Sackett, Argonne National Labora¬ 
tory, PO Box 2528, Idaho Falls, ID 83403; 
(208) 526-7214. 


Simulation Conference 11, August 31- 
September 3, San Diego, California. Contact 
Art Hamilton, CACI, 3344 N. Torrey Pines 
Court, La Jolla, CA 92037; (619) 457-9681. 


Symposium on Logic Programming, 
^§7 August 31-September 4, San Francisco. 
Contact David S. Warren, Quintus Com¬ 
puter Systems, Inc., 1310 Villa St., Moun¬ 
tain View, CA 94041. 


September 1987 


Clinic on Machine Vision for Food and Drug 
Packaging (SME), September 1-3, Schaum¬ 
burg, Illinois. Contact Joanne Rogers, Spe¬ 
cial Programs Division, SME, PO Box 930, 1 
SME Dr., Dearborn, MI 48121; (313) 
271-1500, ext. 399. 


1987 Annual International Test Con- 
ference, September 1-3, Washington, 
DC. Contact Doris Thomas, PO Box 264, 
Mount Freedom, NJ 07970; (201) 895-5260. 


Second IFIP Conference on Human Interac¬ 
tion, September 1-4 (ACM), Stuttgart, West 
Germany. Contact H.J. Bullinger, FhG 
IAO, Holzgarteustr. 17, 7000 Stuttgart 1, 
West Germany. 


13th International Conference on Very 
Large Databases (Computer Society, 
ACM, BCS), September 1-4, Brighton, 
England. Contact Stuart E. Madnick, Mas¬ 
sachusetts Institute of Technology, Sloan 
School of Management, 50 Memorial Dr., 
E53-317, Cambridge, MA 02139; (617) 
253-6671. 


Summer Conference on Category Theory 
and Computer Science, September 7-9, Edin¬ 
burgh, Scotland. Contact George Cleland, 
Laboratory for Foundations of Computer 
Science, Dept, of Computer Science, Univer¬ 
sity of Edinburgh, Edinburgh EH9 3 JZ, 
Scotland, UK. 


August 1987 
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European Software Engineering Conference 
(BCS), September 7-10, Strasbourg, France. 
Contact John Buxton, Dept, of Computing, 
King’s College, University of London, 
Strand, London WC2R 2LS, England, UK. 

HC1-87, Conference on People and Com¬ 
puters (BCS), September 7-11, Exeter, 
England. Contact HCI-87 Conference, 
B.I.S.L., 13 Mansfield St., London W1M 
OBP, England, UK. 

Fifth International Conference on Systems 
Engineering, September 9-11, Dayton, Ohio. 
Contact Ann Isper, College of Engineering 
and Computer Science, Wright State Univer¬ 
sity, Dayton, OH 45435; (513) 873-2403. 

Fifth Workshop on Multidimensional Signal 
Processing (IEEE, EURASIP), September 
14-16, Noordwijkerhout, The Netherlands. 
Contact Mrs. Y. Smits, Dept, of Electrical 
Engineering, Delft University of Technol¬ 
ogy, PO Box 5031, 2600 GA Delft, The 
Netherlands; 31 (15) 781-736. 

Third International Conference on Func¬ 
tional Programming Languages and Com¬ 
puter Architecture (ACM, IFIP, INRIA), 
September 14-16, Portland, Oregon. Contact 
John H. Williams, IBM Almaden Research 
Center, K53/803, 650 Harry Rd., San Jose, 
CA 95120-6099 or Richard B. Kieburtz, 
Computer Science Dept., Oregon Graduate 
Center, 19600 N.W. Von Neumann Dr., 
Beaverton, OR 97006-1999; (503) 690-1152. 

Euromicro 87, 13th Symposium on 
Microprocessing and Microprogramming: 
Microcomputers—Usage, Methods, and 
Structures, September 14-17, Portsmouth, 
England. Contact Chiquita Snippe-Marlisa, 
p/a TH Twente, gebouw TW/RC, Rm. 

A227, PO Box 217, 7500 AE Enschede, The 
Netherlands; phone 31 (53) 33-87-99. 

ICCC-ISDN 87, Evolving to Integrated Serv¬ 
ices Digital Networks in North America, 
September 15-17, Dallas. Contact Audrey 
Atterbury, Bell Atlantic, 1310 N. Court 
House Rd., tenth floor, Arlington, VA 
22201;(703)974-5454. 


Midcon 87 (IEEE), September 15-17, 

Rosemont, Illinois. Contact Alexes 
Razevich, Electronic Conventions Manage¬ 
ment, 8110 Airport Blvd., Los Angeles, CA 
90045; (213) 772-2965 or (800) 421-6816. 


Second Workshop on Artificial Intelligence 
Applications in Environmental Sciences 
(NOAA/ERL), September 15-17, Boulder, 
Colorado. Contact William Moninger, 
NOAA/ERL, R/E2, 325 Broadway, Boul¬ 
der, CO 80303. 


26th Lake Arrowhead Workshop: 

Specifying Concurrent Systems in the 
Year 2000, September 16-18, Lake Arrow¬ 
head, California. Contact Brent Hailpern, 
IBM T.J. Watson Research Center, PO Box 
704, Yorktown Heights, NY 10598; (914) 
789-7797; CSnet bth@ibm.com. 


IEEE Holm Conference on Electrical Con¬ 
tacts, September 21-23, Chicago. Contact 


IEEE Holm Conference Registrar, 345 E. quencourt, BP 105, 78153 Le Chesnay 

47th St., New York, NY 10017-2394; (212) Cedex, France; phone 33 (1) 39-63-56-00. 


CSM-87, Conference on Software 
^5^ Maintenance (Computer Society, 
AWC, DPMA, NBS, SMA), September 
21-24, Austin, Texas. Contact Roger Martin, 
National Bureau of Standards, Bldg. 225, 
Rm. B266, Gaithersburg, MD 20899; (301) 
921-3545 or Computer Society of the IEEE, 
1730 Massachusetts Ave. NW, Washington, 
DC 20036-1903; (202) 371-0101. 


jgjv ICDCS-7, Seventh International Con- 
ference on Distributed Computing Sys¬ 
tems, September 21-25, Berlin. Contact R. 
Popescu-Zeletin, Hahn-Meitner-Institut Ber¬ 
lin, Glienicker Strasse 100, D-1000, Berlin 
39, West Germany; phone 49 (30) 80-09-2594 
or 49 (30) 80-09-2541. 

IEEE Videoconference on High- 
Performance Integrated Circuit Packaging, 
September 22, various sites. Contact IEEE 
Continuing Education Dept., IEEE Service 
Center, 445 Hoes Lane, PO Box 1331, Pis- 
cataway, NJ 08855-1331; (201) 981-0060, 
ext. 412. 


Northcon (IEEE), September 22-24, Port¬ 
land, Oregon. Contact Dale Litherland, 
Electronic Conventions Management, 8110 
Airport Blvd., Los Angeles, CA 90045; (213) 
772-2965. 

ACM SIGUCCS User Services Conference 
XV, September 27-30, Kansas City, Mis¬ 
souri. Contact M. Lloyd Edwards, Emporia 
State University, 12th and Commercial, 
Emporia, KS 66801; (316) 343-1200. 

Vibrations Conference and 1987 Design 
Automation Conference (ASME), September 
27-30, Boston. Contact S.S. Rao, School of 
Mechanical Engineering, Purdue University, 
West Lafayette, IN 47907; (317) 494-5699 or 
ASME, 345 E. 47th St., New York, NY 
10017;(212)705-7057. 

^ International Conference on Software 
Engineering for Real-Time Systems, 
September 28-30, Cirencester, England. 
Contact R. Larry, Institute of Electronic and 
Radio Engineers, 99 Gower St., London 
WC1E 6AZ, England UK. 


25th Annual Allerton Conference on Com¬ 
munication, Control, and Computing, Sep¬ 
tember 30-October 2, Monticello, Illinois. 
Contact P.R. Kumar or Michael C. Loui, 
University of Illinois at Urbana-Champaign, 
Coordinated Science Laboratory, 1101 W. 
Springfield Ave., Urbana, IL 61801. 


October 1987 


1987 Far East Computer and Software Tech¬ 
nology Tour, October 3-16, Japan, Taiwan, 
and South Korea. Contact Commerce Tours 
International, 870 Market St., Suite 920, San 
Francisco, CA 94102; (415) 433*3072 or Gor¬ 
don MacFarland, JCT International Ltd., 
Hanover Court, 5 Hanover Square, London 
WIR 9HE, England, UK; phone 44 (01) 
499-6827. 


AAAI Workshop on Spatial Reasoning and 
Multisensor Fusion, October 5-7, St. 

Charles, Illinois. Contact Su-shing Chen, 
Dept, of Computer Science, University of 
North Carolina, Charlotte, NC 28223; (704) 
547-4880. 


IFIP Conference on Distributed Processing, 
October 5-7, Amsterdam. Contact M.H. 
Barton, Electrical Engineering, University of 
Bristol, BS8 1TR, England, UK. 


1987 Workshop on Computer Archi¬ 
val tecture for Pattern Analysis and 
Machine Intelligence, October 5-7, Seattle. 
Contact Steve Tanimoto, Dept, of Computer 
Science, FR-35, University of Washington, 
Seattle, WA 98195; (206) 543-1695. 


10th Data Communications Sympo- 
vAx sium: Building the Global Network 
(ACM), October 5-7, Napa Valley, Califor¬ 
nia. Contact Bart Stuck, Probe Research, 
PO Box 590, Morristown, NJ 07960; (201) 
285-1500. 


12th Conference on Local Computer 
va^ Networks, October 5-7, Minneapolis, 
Minnesota. Contact Stephanie Johnson, 
Start, Inc., 10301 Toledo Ave. South, 
Bloomington, MN 55437; (612) 831-2122. 


Oceans 87, September 28-October 1, 

vs? Halifax, Nova Scotia, Canada. Con¬ 
tact Alan R. Longhurst, Bedford Institute of 
Oceanography, PO Box 1006, Dartmouth, 
Nova Scotia B2Y 4A2, Canada. 


Ninth Annual Electrical Over¬ 
stress/Electrostatic Discharge Symposium 
(EOS/ESD Association, IIT Research Insti¬ 
tute), September 29-October 1 , Orlando, 
Florida. Contact EOS/ESD Symposium, 
Box 14, Gillette, NJ 07933; (201) 522-4770. 

Fifth International Symposium on Data 
Analysis and Informatics (INRIA), Septem¬ 
ber 29-October 2, Versailles, France. Con¬ 
tact INRIA, Service des Relations 
Exterieures, Domaine de Voluceau, Roc- 


fjjji ASPLOS-II, Second International 
V&7 Conference on Architectural Support 
for Programming Languages and Operating 
Systems (Computer Society, ACM), October 
5-8, Palo Alto, California. Contact Randy 
H. Katz, Computer Sciences Division, UC 
Berkeley, Evans Hall, Berkeley, CA 94720 or 
Martin Freeman, Signetics Corp., 811 E. 
Arques Ave., Sunnyvale, CA 94086; (408) 
991-3591. 


ICCD-87, IEEE International Confer- 
ence on Computer Design: VLSI in 
Computers and Processors, October 5-8, Rye 
Brook, New York. Contact Prathima 
Agrawal, AT&T Bell Laboratories, 600 
Mountain Ave., Rm. 3D-480, Murray Hill, 
NJ 07974; (201) 582-6943. 
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IWDM-87, Fifth International Workshop on 
Database Machines (ACM), October 5-8, 

Karuizawa, Nagano Prefecture, Japan. Con¬ 
tact M. Kitsuregawa, Institute of Industrial 
Science, University of Tokyo, 7-22-1, Rop- 
pongi, Minato-ku, Tokyo 106, Japan; phone 
81 (03)402-6231. 

OOPSLA-87, Object-Oriented Programming 
Systems, Languages, and Applications 
(ACM), October 5-8, Kissimmee, Florida. 
Contact Chet Winiski, Productivity Products 
International, 27 Glen Rd., Sandy Hook, CT 
06482. 

AAAIC-87, Aerospace Applications of Arti¬ 
ficial Intelligence Conference, October 5-9, 

Dayton, Ohio. Contact Michael Johnston, 
BDM Corp., 1900 Founders Dr., Kettering, 
OH 45420; (513) 259-4434. 


® Third Annual Expert Systems in 

Government Conference (Computer 
Society, AIAA), October 19-23, Washing¬ 
ton, DC. Contact Peter Bonasso, Mitre 
Washington AI Center, 7725 Colshire Blvd., 
MS W952, McLean, VA 22102; (703) 


Second International Conference on Data 
and Knowledge for Manufacturing and 
Knowledge (ACM), October 19-24, Hart¬ 
ford, Connecticut. Contact Fred Maryanski, 
University of Connecticut, Computer 
Science and Engineering Dept., U-155, 
Storrs, CT 06268. 


AIPR-88, Applied Imagery Pattern 
*5*7 Recognition, October 23-30, Washing¬ 
ton, DC. Contact Jane Harmon, 403 Argus 
PI., Sterling, VA 22107; (703) 351-2708. 


3370 Miraloma Ave., MS BD07, Anaheim, 
CA 92803-3170. 

Fifth Annual Canadian Information 
Processing Society Edmonton Conference, 
November 3-5, Edmonton, Alberta, Canada. 
Contact Barry Giffen, CIPS Edmonton, PO 
Box 1881, Edmonton, Alberta T5J 2P3, 
Canada; phone (403) 488-1879. 

History of Medical Informatics (ACM), 
November 5-6, Washington, DC. Contact 
Bruce Blue Applied Physics Lab, Laurel, 
MD 20707; (301)953-6235. 

Workshop on Workstation Operating Sys¬ 
tems, November 5-6, Cambridge, Mas¬ 
sachusetts. Contact Luis-Felipe Cabrera, 
6572 Northridge Dr., San Jose, CA 95120; 
(408) 927-1838. 


Compsac 87 (Computer Society, IPSJ), 
*5j7 October 5-9, Tokyo. Contact Tosiyasu 
L. Kunii, c/o Business Center for Academic 
Societies Japan, Yamazaki Bldg. 4F, 

2-40-14, Hongo, Bunkyo-ku, Tokyo 113, 
Japan; phone 81 (3) 817-5831, or Albert K. 
Hawkes, Sargent & Lundy, Engineering 
Consultants, 55 E. Monroe, Chicago, IL 
60603; (312) 269-3640, or Stephen S. Yau, 
Northwestern University, Dept, of Electrical 
Engineering and Computer Science, Evan¬ 
ston, IL 60201; (312) 491-3641. 


International Workshop on AI Applications 
to CAD Systems for Electronics (IEEE), 
October 8-10, Munich, West Germany. Con¬ 
tact Werner Sammer, Siemens AG, Cor¬ 
porate Research and Technology, Otto-Hahn- 
Ring 6, 8000 Munich 83, West Germany; 
phone 49 (89) 636-3348 or Alfred C. Weaver, 
Lockheed EMSCO, MS B-08, 2400 NASA 
Rd.One, Houston,TX 77058; (713)333-6792. 

Seventh Annual Symposium on Small 
*5^7 Computers in the Arts, October 8-11, 

Philadelphia. Contact Richard Moberg, 338 
S. Quince St., Philadelphia, PA 19107; (215) 
834-1511. 


Second Workshop on Large-Grained 
'Qt' Parallelism, October 11-14, Somerset, 
Pennsylvania. Contact Maurice Herlihy, 
Dept of Computer Science, Carnegie Mellon 
University, Pittsburgh, PA 15213; (412) 
268-2584. 


Astronomy from Large Databases: Scientific 
Objectives and Methodological Approaches, 
October 12-14, Garching-bei-Munchen, West 
Germany. Contact F. Murtagh, ST-ECF/ESO, 
Karl Schwarzschild-Str. 2, D-8046 Garching- 
bei-Munchen, West Germany. 


Z2N FJCC-87, Fall Joint Computer Confer- 
*5*7 ence (Computer Society, ACM), 
October 25-29, Dallas. Contact Debra 
Anthony, Texas Instruments, 6500 Chase 
Oaks Blvd., PO Box 86905, MS 8419, Plano, 
TX 75086; (214) 575-2151. 

Government Microcircuits Applications 
Conference, October 27-29, Orlando, 
Florida. Contact Frank J. Rehm, RADX 
Griffiss Air Force Base; (315) 330-7781. 

CCDC-87, Computer Communications for 
Developing Countries, October 27-30, New 

Delhi, India. Contact S. Ramani, National 
Centre for Software Technology, Gulmohar 
Cross Road No. 9, Juhu, Bombay 400049, 
India; phone 629574 or 629606. 


November 1987 


llth Symposium on Computer Applications 
in Medical Care, November 1-4, Washing¬ 
ton, DC. Contact SCAMC Secretariat, 
George Washington University Medical Cen¬ 
ter, Office of Continuing Medical Educa¬ 
tion, 2300 K St. NW, Washington, DC 
20037. 

NARDAC, Washington/ORNL/DRSD 
Conference on Expert Systems Technology 
in the ADP Environment (Naval Regional 
Data Automation Center—Washington, Oak 
Ridge National Laboratory), November 2-3, 
Washington, DC. Contact Lloyd F. Arro- 
wood, Oak Ridge National Laboratory, 
4500-North, MS 207, Oak Ridge, TN 37831; 
(615) 576-8272. 


FOCS-87, October 12-14, Los Angeles. 
Contact Ashok Chandra, IBM T.J. 
Watson Research Center, PO Box 218, 
Yorktown Heights, NY 10598; (914) 
945-1752. 

International Symposium on Methodologies 
for Intelligent Systems (ACM), October 
14-17, Charlotte, North Carolina. Contact 
Zbigniew W. Ras, Dept, of Computer 
Science, University of North Carolina, Char¬ 
lotte, NC 28223; (704) 547-4567. 


Third Annual Conference on Artificial Intel¬ 
ligence for Space Applications (NASA), 
November 2-3, Huntsville, Alabama. Con¬ 
tact Thomas S. Dollman, NASA/EB44, 
Marshall Space Flight Center, AL 35812; 
(205) 544-3823. 

21st Annual Asilomar Conference on Sig¬ 
nals, Systems, and Computers (IEEE, Naval 
Postgraduate School), November 2-4, 

Pacific Grove, California. Contact Douglas 
F. Elliott, Rockwell International Corp., 


llth ACM Symposium on Operating Sys¬ 
tems Principles, November 9-11, Austin, 
Texas. Contact Alfred Spector, Dept, of 
Computer Science, Carnegie Mellon Univer¬ 
sity, Pittsburgh, PA 15213 or Les Belady, 
MCC, 9430 Research Blvd., Echelon Bldg. 
No. 1, Suite 200, Austin, TX 78759; (512) 
834-3330. 

Sixth International Conference on Entity- 
Relationship Approach (ACM), November 
9-11, New York. Contact Martin Modell, 
Merrill-Lynch, 1 Mohawk Lane, Commack, 
NY 11752. 


Z2X ICCAD-87, IEEE International Con- 
*5*7 ference on Computer-Aided Design, 
November 9-12, Santa Clara, California. 
Contact Basant Chawla, AT&T Bell Labora¬ 
tories, 1247 S. Cedar Crest Blvd., Allen¬ 
town, PA 18103; (215) 770-3484. 


ITEA-87, 1987 Annual Symposium of the 
International Test and Evaluation Associa¬ 
tion, November 10-12, Boston. Contact 
Judith G. Shapiro, Mitre Corp., (617) 
271-2540. 


AIMS-87, Applied Identification, Modeling, 
and Simulation (IASTED), November 11-13, 

New Orleans. Contact R. Trahan, Dept, of 
Electrical Engineering, University of New 
Orleans, New Orleans, LA 70148; (504) 
286-6650. 


ZZN Hypertext 87, November 13-15, Chapel 
*5 s 7 Hill, North Carolina. Contact John B. 
Smith, Dept, of Computer Science, Univer¬ 
sity of North Carolina, Chapel Hill, NC 
27514; (919)962-5021. 


SIGSAC: Security Audit and Control in Dis¬ 
tributed Systems and Local Networks 
(ACM), November 14, Los Angeles. Contact 
Dahl Gerberick, Bercor, Inc., 14450 Industry 
Circle, La Mirada, CA 90638; (714) 

670-7644. 

llth Western Educational Computing Con¬ 
ference, November 19-20, San Francisco. 
Contact Alexia Devlin, San Francisco State 
University, Accounting Data, NADM-358, 
1600 Holloway Ave., San Francisco, CA 
94132. 
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ACM South Central Regional Conference, 
November 19-21, Lafayette, Louisiana. Con¬ 
tact Terry Walker, University of Southwest 
Louisiana, Center for Advanced Computer 
Studies, PO Box 44330, Lafayette, LA 
70504-4330; (318) 232-7013. 


£3^ International Conference on Informa- 
tion Science and Engineering (Com¬ 
puter Society, IERE), November 25-27, 
York, England. Contact R. Larry, Institute 
of Electronic and Radio Engineers, 99 
Gower St., London WC1E 6AZ, England 
UK; 44 (01) 388-3071. 

Workshop on Computer Vision, 
November 30-December 2, Miami 
Beach, Florida. Contact Harry Hayman, 738 
Whittaker Terrace, Silver Spring, MD 20901 ■ 
(301) 434-1990. 


December 1987 



Kang G. Shin, Dept, of Electrical Engineer¬ 
ing and Computer Science, University of 
Michigan, Ann Arbor, MI 48109-1109- (313) 
763-0391. 


ISELDECS-87, International Symposium on 
Electronic Devices, Circuits, and Systems, 
December 16-18, Kharagpur, India. Contact 
N.B. Chakrabarti, Dept, of Electronics and 
Electrical Comm. Eng., Indian Institute of 
Technology, Kharagpur 721302, WB, India, 
or Vishwani Agrawal, (201) 582-4349. 

Seventh Conference on Foundations of Soft¬ 
ware Technology and Theoretical Computer 
Science, December 17-19, Pune, India. Con¬ 
tact K.V. Nori, Tata Research Development 
and Design Centre, 1 Mangaldas Rd., Pune 
411 001, India. 


January 1988 

/gSjN 21st Hawaii International Conference 
K87 on System Sciences, January 5-8, 
Kailu-Kona, Hawaii. Contact Ralph H. 
Sprague, Jr., Decision Sciences Dept., Uni¬ 
versity of Hawaii, 2404 Maile Way, E-303, 
Honolulu, HI 96822; (808) 948-7430. 

Annual IEEE Design Automation 
Workshop, January 13-15, Apache 
Junction, Arizona. Contact Walling Cyre, 
Control Data, HQM 173, Box 1249, Min¬ 
neapolis, MN 55440; (612) 853-2692. 


Micro 20, 20th Annual Workshop on Micro¬ 
programming, December 1-4, Colorado 
Springs, Colorado. Contact Gearold R. 
Johnson, Center for Computer-Assisted 
Engineering, Colorado State University, Fort 
Collins, CO 80523; (303) 491-5543. 

Eighth Annual International Conference on 
Information Systems (ACM, SIM), Decem¬ 
ber 6-9, Pittsburgh. Contact William R. 

King, Graduate School of Business, Univer¬ 
sity of Pittsburgh, Pittsburgh, PA 15260- 
(412) 648-1587. 

Second Workshop on Empirical Studies of 
Programmers, December 7-8, Washington, 
DC. Contact Elliot Soloway, Dept, of Com¬ 
puter Science, Yale University, New Haven 
CT 06520; (203) 432-1223. 

Performance 87 (ACM, AFCET, IFIP), 
December 7-9, Brussels. Contact G. 

Latouche, Universite Libre de Bruxelles, 
Campus Plain CP212-bd du Triomphe, 1050 
Brussels, Belgium. 

Third Aerospace Computer Security Confer¬ 
ence: Applying Technology to Systems 
(AIAA, American Society for Industrial 
Security), December 8-11, Orlando, Florida. 
Contact Joel Levy, Aerospace Computer 
Security Associates, c/o ORI, Inc., 1375 Pic¬ 
card Dr., Rockville, MD 20850. 

Eighth International Conference on Com¬ 
puting Methods in Applied Sciences and 
Engineering (INRIA), December 14-18, Ver¬ 
sailles, France. Contact INRIA, Service des 
Relations Exterieures, Bureau des Colloques, 
Domaine de Voluceau, Rocquencourt, BP 
105, 78153 Le Chesnay Cedex, France; 
phone 33 (1) 39-63-56-00. 


15th ACM SIGACT, SIGPLAN Symposium 
on Principles of Programming Languages, 
January 13-15, San Diego, California. Con¬ 
tact Jeanne Ferrante, IBM Hawthorne 
H2-B54, Box 218, Yorktown Heights, NY 
10598; (914) 789-7529. 

International Workshop on Software Ver¬ 
sion and Configuration Control (ACM, GI), 
January 27-29, Grassau, West Germany. 
Contact Peter Feiler, SEI, Carnegie Mellon 
University, Pittsburgh, PA 15213. 


February 1988 

Fourth International Conference on 
Data Engineering, February 2-4, Los 

Angeles. Contact Benjamin W. Wah, Dept, 
of Electrical and Computer Engineering, 
University of Illinois, Urbana, IL 61801; 
(217) 333-3516. 

Multi 88, 1988 SCS Multiconference: Model¬ 
ing and Simulation on Microcomputers, 
Conference on Power Plant Simulation, Aer¬ 
ospace Simulation, Distributed Simulation, 
and Simulation and Artificial Intelligence, 
February 3-5, San Diego, California. Con¬ 
tact SCS, PO Box 17900, San Diego, CA 
92117; (619) 277-3888. 

Second Conference on Applied Natural Lan¬ 
guage Processing (Association for Computa¬ 
tional Linguistics), February 9-12, Austin, 
Texas. Contact Donald Walker, Bell Com¬ 
munications Research, 445 South St., MRE 
2A379, Morristown, NJ 07960; (201) 
829-4312. 

CSC-88, 16th Annual Computer Science 


Conference (ACM), February 23-25, 

Atlanta. Contact L. Chiaraviglio, School of 
Information and Computer Science, Georgia 
Institute of Technology, Atlanta, GA 30332- 
(404) 894-3152. 

Compcon Spring 88, February 
29-March 4, San Francisco. Contact 
Hasan al-Khatib, Dept, of Electrical Engi¬ 
neering and Computer Science, University of 
Santa Clara, Santa Clara, CA 95053: (4081 
554-4485. 


March 1988 


Second IEEE Conference on Computer 
vs? Workstations (ACM), March 7-10, 

Santa Clara, California. Contact Patrick 
Mantey, 335A Applied Science Bldg., Dept, 
of Computer Engineering, University of 
California at Santa Cruz, Santa Cruz, CA 
95064; (408) 429-2158. 

1988 International Zurich Seminar on 
Digital Communications, March 8-11, 

Zurich, Switzerland. Contact Secretariat 
IZS-88, c/o P. Gunzburger, Hasler AG, 

TDS, Belpstrasse 23, CH-3000 Bern 14, Swit¬ 
zerland; phone 41 (31) 63-28-08. 

Seventh Annual IEEE Phoenix Confer¬ 
vas ence on Computers and Communica¬ 
tions, March 16-18, Scottsdale, Arizona. 
Contact Carl Ryan, Motorola GEG, 2501 S. 
Price Rd., Chandler, AZ 85248-2899; (602) 
732-3074. 

® Compstan 88, 1988 Computer Stan¬ 
dards Conference, March 21-23, 

Arlington, Virginia. Contact Roger J. Mar¬ 
tin, US Dept, of Commerce, National 
Bureau of Standards, Technology Bldg., 

Rm. B266, Gaithersburg, MD 20899; (301) 
975-3273. 

f£3^t COIS-88, Conference on Office Infor¬ 
ms? mation Systems, March 23-25, Palo 
Alto, California. Contact Najah Naffah, 7 
Rue Ampere, Massy, France. Phone 33 (06) 
930-90-00. 

Extending Database Technology (Com¬ 
mas puter Society, INRIA), March 23-25, 

Venice, Italy. Contact Stefano Ceri, Politec- 
nico di Milano, Dept, of Electronics, Piazza 
Leonardo da Vinci 32, 20133 Milan, Italy; 
phone 39 (02) 23-67-241. 

Fourth International Conference on Pattern 
Recognition (BPRA, IAPR), March 28-30, 

Cambridge, England. Contact J. Kittler, 

Dept, of Electronic and Electrical Engineer¬ 
ing, University of Surrey, Guildford GU2 
5XH, England, UK. 

IEEE Infocom 88: Networks— 
vS7 Evolution or Revolution? March 
28-31, New Orleans. Contact Infocom 88, 
Computer Society of the IEEE, 1730 Mas¬ 
sachusetts Ave. NW, Washington, DC 
20036-1903; (202) 371-0101 or A1 Leon- 
Garcia, Dept, of Electrical Engineering, Uni¬ 
versity of Toronto, Toronto, Ontario M5S 
1A4, Canada; phone (416) 978-5037. 
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CALL FOR PAPERS 


Call for papers and referees for Computer 

Computer seeks articles for inclusion in not be currently submitted for journal 

several upcoming special issues. publication. 


Neural networks will be covered in the 
March 1988 issue. 

Topics include, but are not limited to 

• neural network architectures; 

• electronic and optical neurocomputers; 

• applications of neural networks in 
vision, speech recognition and synthe¬ 
sis, robotics, image processing, and 
learning; 

• self-adaptive and dynamically recon- 
figurable systems; 

• neural network models; 

• neural algorithms and models of com¬ 
putation; and 

• programming neural network systems. 

Papers must not have been previously 
presented or published; they also must 


Submit a 200-word abstract as soon as 
possible to Bruce Shriver, editor-in-chief, 
Computer, IBM T.J. Watson Research 
Center, PO Box 704, Yorktown Heights, 
NY 10598; (914) 789-7626; arpanet: 
shriver@ibm.com; bitnet: shriver at 
yktvmh; compmail+ : b.shriver. 

Eight copies of the complete manuscript 
will be due by August 30, 1987. Authors 
will be notified of acceptance by Novem¬ 
ber 1,1987. The final version of the man¬ 
uscript will be due no later than 
December 1, 1987. 

Multiple-valued logic will be the theme of 
the April 1988 issue. 

Some suggested topics: 


• device technology, 

• fuzzy logic, 

• optical computing, 

• algebraic aspects, 

• logic design, and 

• applications. 

Submit 10 copies of each manuscript by 
September 15, 1987, to Jon T. Butler. 
Before August 15, 1987, Butler can be 
reached at the Naval Postgraduate 
School, Monterey, CA 93943-5100; (408) 
646-3299. After that date he can be 
reached at Northwestern University, 

Dept, of Electrical Engineering and Com¬ 
puter Science, Evanston, IL 60201; (312) 
491-5628. 

Persons interested in serving as referees 
for this issue are asked to contact Butler 
and send him a list of their technical 
interests. 


Artificial Intelligence and Education: This 
journal seeks both articles and proposals for 
special issues devoted to particular topics. 
Persons in the US and the Far East should 
contact Elliott Soloway, Dept, of Computer 
Science, Yale University, New Haven, CT 
06520. Persons in Europe should contact 
Masoud Yazdani, Dept, of Computer 
Science, Prince of Wales Rd., University of 
Exeter, Exeter EX4 4PT, England, UK. 

Computer Society of the IEEE Techni¬ 
cal Committee on Computer Educa¬ 
tion: Contributions up to five typewritten 
pages are welcomed for the TCCE newslet¬ 
ter, a forum for the exchange of ideas among 
persons interested in computer education or 
computers in education. Direct news items, 
short articles, and any correspondence to 
Helen Hays, Dept, of Computer Science, 
Southeast Missouri State University, Cape 
Girardeau, MO 63701; (314) 651-2244. 

International Journal for Artificial Intelli¬ 
gence in Engineering: Papers are sought, 
particularly those with emphasis on research 
and development leading to problem-solving 
strategies. For information and submission 
requirements, contact D. Sriram, Dept, of 
Civil Engineering, Carnegie Mellon Univer¬ 


sity, Pittsburgh, PA 15213 or K.J. MacCal- 
lum, Dept, of Ship and Marine Technology, 
Marine Technology Center, 100 Montrose 
St., Glasgow, Scotland, UK. 

International Journal of Pattern Recognition 
and Artificial Intelligence: Submit four 
copies of manuscripts to H. Bunke, Univer- 
sitat Bern, Institut fur Informatik und 
Angewandte Mathematik, Langgasstrasse 
51, CH-3012 Bern, Switzerland, or Patrick 
Wang, College of Computer Science, North¬ 
eastern University, 360 Huntington Ave., 
Boston, MA 02115; (617) 437-3711. 

CompEuro 88: System Design- 
Concepts, Methods, and Tools: April 
11-14, 1988, Brussels. Papers on theoretical 
and practical aspects of system design are 
sought. Submit five copies of the complete 
paper (20 double-spaced pages maximum) by 
August 15,1987, to Pierre Wodon, Philips 
Research Laboratory Brussels, 2 Ave. Van 
Becelaere, bte 8, B-1170 Brussels, Belgium; 
phone 32 (02) 673-41-90. 

Control 88 (IEE): April 13-15, 1988, Oxford, 
England. Submit an extended synopsis (1500 
words maximum) by August 28, 1987, to 
Conference Services, IEE, Savoy PL, Lon¬ 


^ Conferences that the Computer Society participates in or sponsors are 
^ indicated by the Computer Society logo; additional conference sponsors 
are listed in parentheses. Other conferences of interest to our readers are 
also included. 

For inclusion in Call for Papers or Calendar, submit information six weeks 
before the month of publication (e.g., for the October 1987 issue, send informa¬ 
tion for receipt by August 15,1987) to Calendar Editor, Computer, 10662 Los 
Vaqueros Circle, Los Alamitos, CA 90720. 


don WC2R 0BL, England, UK; phone 44 
(01)240-1871. 

International Workshop on Robot Control: 
Theory and Applications (IEE): April 11-12, 
1988, Oxford, England. Submit a synopsis 
(1500 words maximum) by August 28, 1987, 
to the Computing and Control Division, 

IEE, Savoy PL, London WC2R 0BL; phone 
44 (01) 240-1871, ext. 330. 

1988 Eastern Simulation Conferences: Simu¬ 
lators V, Tools for the Simulationist, the 
Simulation Profession, Credibility Assess¬ 
ment, and Simulation Languages (SCS): 
April 18-21, 1988, Orlando, Florida. Send 
one-page abstracts and session proposals by 
August 31, 1987, to Eastern Simulation Con¬ 
ferences, SCS, PO Box 17900, San Diego, 
CA 92117. Proposals for professional devel¬ 
opment seminars are also sought; these 
should be sent to SCS. 

ICC-88, International Conference on Com¬ 
munications (IEEE): June 12-15, 1988, 
Philadelphia. Sydney, Australia. Submit 
manuscripts by September 1, 1987, to John 
S. Ryan, AT&T Bell Laboratories, Craw¬ 
fords Corner Rd., Rm. 2M632, Holmdel, NJ 
07733-1988; (201)949-5813. 

International Symposium and Exposition on 
Robots: November 6-10, 1988, Sydney, Aus¬ 
tralia. Submit a title and a 500-word abstract 
by September 1, 1987, to R.A. Jarvis, Inter¬ 
national Symposium and Exposition on 
Robots, GPO Box 1527, Sydney, NSW 2001, 
Australia. 

Second Conference on Applied Natural Lan¬ 
guage Processing (Association for Computa- 
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tional Linguistics): February 9-12, 1988, 
Austin, Texas. Submit 10 copies of a sum¬ 
mary that is six to eight pages long to Bruce 
Ballard, 3C-440A, AT&T Bell Laboratories, 
Murray Hill, NJ 07974; (201) 582-5440. 
Materials must be received by September 1, 

1987. 

12th IMACS World Congress on Scientific 
Computation: July 18-22, 1988, Paris. This 
conference will devote a one-day session to 
second-generation expert systems. Papers are 
invited that describe expert systems that rea¬ 
son with deep knowledge. Emphasis will be 
put on work describing cooperation between 
heuristic and deep reasoning. Submit three 
copies of a 1000-word abstract by September 
1, 1987, to Jean-Marc David, Laboratoires 
de Marcoussis, Computer Science Division, 
Route de Nozay, 91460, Marcoussis, France. 

ICSE-88, 10th International Conference on 
Software Engineering (ACM): April 11-15, 

1988, Raffles City, Singapore. Send copies 
of paper by September 7, 1987, to Tan Chin 
Nam, National Computer Board, 5 Ports- 
down Rd. off Ayer Rajah Rd., Singapore 
0513. 


18th Conference on Computer Audit, Con¬ 
trol, and Security (EDP Auditors Founda¬ 
tion, Inc.): April 10-15, 1988, Atlanta. 
Persons interested in speaking at this confer¬ 
ence should send a one-page abstract of their 
presentation proposal and a brief biography. 
Send materials by September 11,1987, to 
Program Chairman, EDP Auditors Founda¬ 
tion, PO Box 88180, Carol Stream, IL 
60188-0180; (312)653-0950. 

£3^ Compstan 88, 1988 Computer Stan¬ 
di? dards Conference: March 21-23, 1988, 
Arlington, Virginia. Papers and proposals 
for panel sessions are sought. Submit five 
copies of papers (1000 to 5000 words) and 
five copies of proposals for panel sessions 
(include a list of four to five potential 
panelists) by September 14, 1987, to James 
A. Hall, National Bureau of Standards, 

Bldg. 225, Rm. A266, Gaithersburg, MD 
20899; (301)975-3273. 


Computer Networking Symposium: 
ns? April 11-13, 1988, Arlington, Virginia. 
Submit four copies of the complete paper or 
of a 1000-word extended abstract by Septem¬ 
ber 15, 1987, to Jeffrey Jaffe, IBM Research 
Center, PO Box 704, Yorktown Heights, NY 
10598. 


IEEE Internationa! Conference on Robotics 
and Automation: April 25-29, 1988, 
Philadelphia. Papers 15 to 20 pages long are 
sought, as are papers five to seven pages 
long. Submit papers in either category by 
September 15, 1987, to Robert B. Kelley, 
ECSE Dept., Rensselaer Polytechnic Insti¬ 
tute, Troy, NY 12180-3590. 


Fourth IEEE Conference on Artificial 
Intelligence Applications: March 
14-18, 1988, San Diego, California. Full- 
length papers (5000 words maximum) and 
poster-session abstracts (1000 words maxi¬ 
mum) that describe ongoing research are 
sought. Submit four copies of the full-length 


paper (include a 100-word abstract) by Sep¬ 
tember 18, 1987, to Elaine Kant or Dennis 
O’Neill, Schlumberger-Doll Research, Old 
Quarry Rd., Ridgefield, CT 06877-4108. 
Submit four copies of poster-session 
abstracts to Elaine Kant or Dennis O’Neill 
by November 25, 1987. Demonstration 
proposals and panel session proposals are 
also sought and are due by November 25, 
1987. 


CHI-88, Conference on Human Factors in 
Computing Systems (ACM): May 15-19, 
1988, Washington, DC. Send five copies of 
paper (3000 words maximum) by September 
21, 1987, to Sylvia Sheppard, Computer 
Technology Associates, Inc., 14900 Sweitzer 
Lane, Suite 201, Laurel, MD 20707; (301) 
369-2422. Proposals for panel sessions, inter¬ 
active poster sessions, demonstrations of 
experimental or commercial user interfaces, 
video presentations, meetings of special- 
interest groups, and presentations by PhD 
students on their dissertations are also 
sought. 


COIS-88, Conference on Office Infor¬ 
ms? mation Systems: March 23-25, 1988, 
Palo Alto, California. Send five copies of 
papers by September 21, 1987, to Robert B. 
Allen, 2A-367, Bell Communications 
Research, Morristown, NJ 07960; (201) 
829-4315. 


Fourth International Conference on Pattern 
Recognition (BPRA, IAPR): March 28-30, 
1988, Cambridge, England. Submit three 
copies of the complete paper (4000 words 
maximum) by September 30, 1987, to J. Kit- 
tler, Dept, of Electronic and Electrical Engi¬ 
neering, University of Surrey, Guildford 
GU2 5XH, England, UK. 

14th International Conference on Electric 
Contacts (IEEE): June 20-24, 1988, Paris. 
Submit an abstract (200 words maximum) by 
October 1, 1987, to S.E.E., 48 Rue de la 
Procession, 75724 Paris Cedex 15, France. 

IEEE Software: Articles on compiler 

environments and porting techniques 
are sought for the May 1988 issue. Contact 
Ted Lewis, editor-in-chief, IEEE Software, 
c/o Computer Science Dept., Oregon State 
University, Corvallis, OR 97331; (503) 
754-2744; CSnet, lewis@oregon-state; 
Compmail +, t.lewis. Materials are due by 
October 1, 1987. 



RATES: $12 per line, $120 minimum charge 
(up to ten lines). Average six typeset words 
per line, nine lines per column inch. Add $10 
for box number. Send copy at least six 
weeks priorto month of publication to: Heidi 
Rex or Marian Tibayan, Classified Advertis¬ 
ing, COMPUTER Magazine, 10662 Los Va- 
queros Circle, Los Alamitos, CA 90720. 

In order to conform to the Age Discrimina¬ 
tion in Employment Act and to discourage 
age discrimination, COMPUTER may reject 
any advertisement containing any of these 
phrases or similar ones:"... recent college 
grads..1-4 years maximum experi¬ 
ence up to 5 years experience 

or “...10 years maximum experience." 
COMPUTER reserves the right to append to 
any advertisement, without specific notice 
to the advertiser, “Experience ranges are 
suggested minimum requirements, not maxi- 
mums.” COMPUTER assumes that, since 
advertisers have been notified of this policy 
in advance, they agree that any experience 
requirements, whether stated as ranges or 
otherwise, will be construed by the reader as 
minimum requirements only. 


SYSTEM ENGINEER 

Responsible for performing feasibility/engineer¬ 
ing studies for computer integrated manufactur¬ 
ing projects; working with customer to define 
requirements of systems; performing functional 
and software design; leading managing teams to 
design and implement processes and computer 
hardware systems and software; managing sub¬ 
contractors; and project-managing to achieve 
schedule and cost goals. B.S.E.E. or C.S. 4 years 
experience in systems engineering. Must have 
background in computer science. Experience in 
real-time software design and implementation. 
Knowledge of electronic assembly and auto¬ 
motive manufacturing processes, electrical and 
mechanical devices for automation, IBM-PCs, 
DOS, HP 1000, RTE OS, PASCAL and C. Experi¬ 
ence in applications engineering, defining 
customer requirements and project manage¬ 
ment. Knowledge of manufacturing manage¬ 
ment control systems. Salary: $53,000/year. Job 
Site: Palo Alto. Send this ad and your resume to 
#SK 3083, P.O. Box 9560, Sacramento, CA 95823 
not later than September 7. EOE. 


CSC-88, 16th Annual Computer Science 
Conference (ACM): February 23-25, 1988, 
Atlanta. Submit five copies of papers by 
October 15, 1987, to Richard DeMillo, Soft¬ 
ware Engineering Research Center, Georgia 
Institute of Technology, Atlanta, GA 30332. 

1988 International Computers in Engineering 
Conference: Real-World Applications of 
Expert Systems and Artificial Intelligence 

(ASME): August 7-11, 1988, San Francisco. 
Submit abstracts by October 15, 1987, to 
Edward M. Patton, US Army Ballistic 
Research Lab, Aberdeen Proving Grounds, 
MD 21005. 


UNIVERSITY OF VIRGINIA 

COMPUTER PROGRAMMER. Immediate opening 
at the University of Virginia, Charlottesville, 
Virginia, for a computer programmer with a back¬ 
ground in image processing who will be responsi¬ 
ble for developing algorithms for cardiac imaging 
analysis using a kontron system with an array pro¬ 
cessor interfaced to a VAX 8200. Additional inter¬ 
face to SUN-3 workstation/MICROVAX II possible. 
Experience with FORTRAN-77 required. Salary 
and faculty status negotiable. Reply to Sanjiv 
Kaul, M.D. Box 158, Division of Cardiology, Univer¬ 
sity of Virginia, Charlottesville, Va. 22908. 
Telephone: 804-924-5928. The University of Vir¬ 
ginia is an Equal Opportunity/Affirmative Action 
Employer. 
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CAREER OPPORTUNITIES 


MICHIGAN STATE UNIVERSITY 
Applications and nominations are invited 
for the position of 
Dean 

College of Engineering 

Michigan State University invites applications 
and nominations for the position of Dean, Col¬ 
lege of Engineering. An individual is sought who 
can provide leadership for the continuing devel¬ 
opment of programs in instruction, research, and 
public service and who will serve as a represen¬ 
tative of the College in its interaction with 
government and industry. The Dean of the Col¬ 
lege of Engineering is the chief executive officer 
of the College and is responsible to the Provost 
and the President for the general administration 
of the College. 

Michigan State University is a land-grant institu¬ 
tion with fourteen colleges enrolling over 40,000 
students. The College of Engineering consists of 
the departments of Chemical Engineering, Civil 
and Environmental Engineering, Computer Sci¬ 
ence, Electrical Engineering and Systems Sci¬ 
ence, Mechanical Engineering, and Metallurgy, 
Mechanics and Materials Science and has the 
responsibility for the engineering programs in 
the Department of Agricultural Engineering, Col¬ 
lege of Agriculture and Natural Resources. The 
College’s departments have approximate totals 
of 130 ranked faculty, 3900 undergraduates, 300 
M.S. and 200 Ph.D. students. The College has en¬ 
joyed a dramatic growth in all areas over the past 
decade and a current building program under¬ 
scores plans for future growth. In addition to the 
academic departments, the College contains the 
Division of Engineering Research, the Com¬ 
posite Materials and Structures Center and the 
A.H. Case Center for Computer-Aided Engineer¬ 
ing and Manufacturing. 

Applicants must have an earned doctorate, an 
outstanding record of scholarship and evidence 
of dynamic leadership. Candidates must meet 
standards for appointment at the rank of pro¬ 
fessor (with tenure) in an academic department 
in the College. Expected starting date is no later 
than July 1,1988. 

Applications and nominations are requested as 
soon as possible, preferably by November 1, 
1987. Applications and nominations should be 
sent to: 

Chairperson, Search and Rating Committee 

Dean of College of Engineering 

c/o Office of the Provost 

432 Administration Building 

Michigan State University 

East Lansing, Ml 48824 

MSU is an Affirmative Action/Equal Opportunity 
Institution. 


SYSTEM ANALYST 

Design and write computer system programs 
including planning & developing methods for 
computerizing business data entry and retrieval. 
Write and test software programs. B.S. in com¬ 
puter science +3 years experience. Salary 
$2,900/mo. Send resume to Vertical Marketing 
Corporation, Attn: Angela Lin, 2222 N. San 
Gabriel Blvd., Rosemead, CA 91770. 


NAVAL POSTGRADUATE SCHOOL 
Monterey, CA 

Position Announcement in Computer Science 

The Department of Computer Science has im¬ 
mediate openings for faculty positions at all 
levels in all areas. An applicant should have a 
PhD in Computer Science or a related field and 
have a strong interest in both graduate teaching 
and research. Senior applicants must have dis¬ 
tinguished research records. Appointments can 
begin at any time during the year. 

The Department offers MS and PhD degrees in 
Computer Science supported by well-equipped 
instructional/research facilities and a full-time 
technical staff. The faculty normally teach for 
two quarters and conduct full-time research dur¬ 
ing the other two quarters. 

Please send a detailed resume and three letters 
of reference to: Search Committee, Computer 
Science Department (Code 52), Naval Post¬ 
graduate School, Monterey, CA 93943, tel. #(408) 
646-2449. NPSIS AN EQUAL OPPORTUNITY/AF¬ 
FIRMATIVE ACTION EMPLOYER. 


NORTH TEXAS STATE UNIVERSITY 
Department Chair 
Computer Sciences 

Applications and nominations are invited for the 
position of Chair of the Department of Computer 
Sciences. The department offers B.S., M.S. and 
Ph.D. programs with approximately 800 under¬ 
graduate and 250 graduate majors. Current 
strengths among the 25 member faculty include 
distributed systems, logic programming, artifi¬ 
cial intelligence, expert systems, databases, lan¬ 
guages, numerical computation, and operating 
systems. Substantial faculty growth is projected 
over the next five years. Excellent facilities sup¬ 
port both research and instruction. 

North Texas State University is a comprehen¬ 
sive, graduate research university of approx¬ 
imately 22,000 students, offering an array of 
undergraduate, master’s and doctoral programs. 
The university is located in Denton, at the center 
of one of the fastest growing counties in the na¬ 
tion, less than forty miles from both Dallas and 
Forth Worth. The Dallas-Forth Worth-Denton 
Metroplex abounds in cultural activities and high 
technology industries. 

Substantial research accomplishments are 
essential; grant activity and administrative ex¬ 
perience are desirable. Apply to Rollie Schafer, 
Associate Dean and Search Committee Chair, 
Department of Computer Sciences, Box 13886, 
North Texas State University, Denton, Texas 
76203. Applications should include a curriculum 
vitae and the names, addresses and telephone 
numbers of at least three references. Applica¬ 
tions will be received until December 1,1987 or 
until the position is filled. 

NTSU is an equal opportunity/affirmative action 
employer. 


CLAREMONT McKENNA COLLEGE 
Endowed Position in Computer Science 
and Applied Mathematics 

Applications are invited for an endowed tenure- 
track position in Computer Science and Applied 
Mathematics with rank and salary dependent on 
qualifications. Starting date fall 1988. 

Claremont McKenna College is a liberal arts col¬ 
lege with 800 students. It is a member of the 
Claremont Colleges (along with Pomona, 
Scripps, Harvey Mudd, and Pitzer Colleges and 
Claremont Graduate School). The Claremont 
Colleges have a total of forty-three mathemati¬ 
cians and computer scientists, and are located 
in Claremont, Southern California. 

Qualifications for the position include a Ph.D. in 
a computer-related field such as Computer 
Science, Mathematics, Operations Research, or 
Information Science. If the degree is in a field 
other than Computer Science, substantial formal 
education in Computer Science is required. 
Applicants should have a strong commitment to 
undergraduate teaching, an established scholar¬ 
ly record, and practical experience with com¬ 
puter applications. The appointee will be ex¬ 
pected to teach some applied mathematics 
courses in addition to computer science courses 
and to participate in course and program 
development. 

The College is an equal opportunity/affirmative 
action employer. Applications will be reviewed 
as soon as received and a decision reached pre¬ 
ferably by January 1988. Please send resume 
and the names of four references to Professor 
John Ferling, Chairman, Computer Science 
Search Committee, c/o Dean of Faculty’s Office, 
Claremont McKenna College, Claremont, CA 
91711. 


THE GEORGE WASHINGTON UNIVERSITY 
Research Positions 
Artificial Intelligence 

Full time Research Engineer/Research Scientist 
positions are available in the Institute for Artificial 
Intelligence in the School of Engineering & Ap¬ 
plied Science on multi-year research projects. 
Research areas include: building an inference 
engine in C, an analogical reasoning language in 
LISP, and virtual interfaces for a variety of U.S. 
military applications. Salary commensurate with 
qualifications; Master's degree desirable. 

Send resume and list of references by October 1, 
to: 

Dr. B.G. Silverman 
Dept, of Engineering Administration 
School of Engineering & Applied Science 
THE GEORGE WASHINGTON UNIVERSITY 
Washington, DC 20052 

We are an Equal Opportunity/Affirmative Action 
Employer. 
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selected CAD/CAE as it relates to schematic capture and the production of printed circuit boards. 


—Dick Eckhouse 


Full functionality, low-cost CAD/CAE systems 


Background 

One of the dramatic changes that has 
occurred in the last few years has been 
in the area of computer-aided engineer¬ 
ing and design (CAE/CAD). What I’m 
specifically talking about is the change 
in price and performance in schematic 
capture and printed circuit board (PCB) 
layout packages. Once the province of 
large mainframes, these systems have 
made the transition from mainframes to 
minicomputers, and now can be found 
on personal computers. Corresponding 
to the size change of the host machine 
has been an almost unbelievable price 
decline from systems costing several 
hundreds of thousands of dollars to 
$15,000 systems running on minicom¬ 
puters, to systems selling for under 
$1000 that run on microcomputer 
engines. 

According to market research I’ve 
seen, there is an estimated US popula¬ 
tion of about 75,000 PCB designers. A 
third of this group is using equipment 
approaching obsolescence. Another 
third is still using manual layout tech¬ 
niques. When you add to these figures 
the enormous number of engineers and 
technicians who manually sketch out 
their latest designs with pencil and 
paper, you come up with a marketer’s 
dream—millions of people ready and 


waiting for something to fulfill their 
needs. And this is an audience who can 
easily afford and justify the low-cost 
desktop systems currently available in 
the marketplace. 

When you dig further into it, there 
are really three distinct markets for 
those requiring the tools to automate 
the process of going from idea to fin¬ 
ished board: 


Schematic capture is 
becoming automated 
because of the lower cost 
and greater functionality 
now available. 


(1) Large corporations whose exten¬ 
sive CAE/CAD systems are backlogged 
and who are seeking low-cost desktop 
alternatives for capturing schematic 
designs and prototyping boards; 

(2) Medium to small companies who 
have traditionally not had the resources 
to buy expensive computers so have 
hired draftsmen to draw up the 
schematics and lay out printed circuit 
boards manually and are now seeking to 
become automated; and 


(3) Entrepreneurs and consultants 
who can easily set up full-function cir¬ 
cuit design bureaus with very little 
investment. 

Schematic capture is becoming auto¬ 
mated because of the lower cost and 
greater functionality now available in 
carrying out the design from concept to 
documentation. In the case of PCB 
fabrication, it is the demand for more 
circuitry per board that mandates auto¬ 
mation because of (1) large compo¬ 
nent/ connection capacity requirements, 
(2) fine-line design for surface-mount 
devices, and (3) multilayer capability. 
Fortunately, the latest offerings, while 
effectively shortening and simplifying 
the whole development cycle, are also 
dramatically offering capabilities not 
even thought possible heretofore. 

The question to be asked at this point 
is just what are the desirable features 
that one would like to find in such sys¬ 
tems? Not all of them will be available 
in all packages, but the surprising thing 
is that many of the same features are 
common to both the schematic capture 
and the printed circuit board layout 
programs. Thus, in the list below I’ve 
given an abbreviated statement of them 
all, without regard to the package in 
which they appear. The list is organized 
as to features I consider important from 
the user’s point of view. 
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Runs on anything from a PC to a 
Mac with all clones included. Sup¬ 
ports a wide range of graphics stan¬ 
dards, printers, plotters, and an 
optional mouse or tablet. 

Can produce schematics and PCBs 
as well as other technical drawings. 
Smooth, instantaneous screen 
panning (if raster) with small step 
size, or fast redraw with large 
workspace if vector based. Mul¬ 
tilevel zoom plus windowing into 
sections of the drawing. 

Large libraries of standard objects 
(TTL, CMOS, microprocessor, dis¬ 
crete components, common device 
footprint, etc.) that can easily be 
moved, copied, deleted, mirrored, 
and rotated with a simple means to 
generate user-specific parts with 
the same editing commands used to 
develop schematics and printed cir¬ 
cuit boards. 

Block moves with rubberbanding, 
deleting, and copying of parts or 
selected regions. Flexibility in mov- 


The question to be asked 
is, just what are the 
desirable features? 


ing labels and part designators 
around. 

Full range of standard sheet sizes 
(A to G) that can be personalized. 
Camera-ready output to printer or 
plotter plus fast check plots (IX 
and 2X). 

Different line types, arcs, circles, 
multiple text sizes (on any PCB 
layer) in addition to wires, buses, 
junctions, and components. 
Selectable snap grids with meaning¬ 
ful resolutions that can be turned 
on/off, or made visible/invisible. 
Autostep and editing repetition. 
Easily place and remove pads, 
traces, wires, and lines of varying 
sizes, shapes, styles, and widths. 

’ Support for routing of traces (rats’ 
nest, shortest path, vertical/ 
horizontal, L and Z paths, or 
completely automatic with vias). 

> Multilayer (at least solder and 
component plus silkscreen) support 
for reasonably large boards (at 
least 12 x 12). Ability to flip and 
swap signal layers. Ground and 
power planes supported from 
schematic capture to PCB. 

» Multiple trace widths with design 
rule checking for minimum spac¬ 


ing. Area fill/flood. 

• Good tutorial and comprehensive 
manual with index. 

• Can develop hierarchical designs. 
Automatically annotates com¬ 
ponents. 

• Automatically generate related 
design documents, such as bill of 
materials, net and wire lists, and 
reference lists. Perform design rule 
checking. 

• Produce and accept net lists from 
various schematic capture and PCB 
layout programs so that design/ 
implementation can be com¬ 
pared and verified. Provide back 
annotation. Can transfer net and 
pin lists to other systems such as a 
circuit simulator. 

• Automatically generate solder 
masks, padmaster plots, drill tapes, 
and industry-standard Gerber pho¬ 
toplotting. 

Note carefully that just because I’ve 
chosen to review low-priced systems 
doesn’t mean that they are low-end sys¬ 
tems. In all cases, what I’ve found is 
that today’s systems offer fantastic 
functionality and ease of entry with 
quick correction and revision. The bot¬ 
tom line is that they offer the same, if 
not better, ease of use, features, versa¬ 
tility, and performance as found in 
higher-priced systems. 


Three sample systems 

Once the only game in town, smART- 
WORK from Wintek was the first to 
break $1000 for a PC package to aid in 
the design and production of artwork 
for printed-circuit boards. Now, Tango- 
PCB from Accel Technologies has 
started offering a versatile PCB per¬ 
former for just $495. Its autorouting 
companion package, Tango-Route, is 
just out for the same price. Both are 
available from Accel Technologies, 

Inc., 7358 Trade Street, San Diego, CA 
92121, (619) 695-2000. HiWIRE, from 
Wintek Corporation, 1801 South Street, 
Lafayette, IN 47904-2993, (800) 
742-6809, is a new offering at $895 
from a company well known to users of 
its PCB package. Each exhibits a 
majority of the features outlined above 
and is truly an excellent buy in its 
category. 


Tango-PCB and Tango-Route 

What really excited me about Tango- 
PCB was its rich functionality plus its 


ability to interface to both the Omation 
and OrCAD schematic capture pro¬ 
grams (reviewed in IEEE Software May 
1986 and July 1986, respectively). Here 
was a system offering one-mil on-screen 
grid resolution (selectable from 1 to 200 
mils). No more problems with unusual 
edge connectors and .156 mass termina¬ 
tions. I could design boards as large as 
32 x 19 inches with up to eight layers 
that included power and ground planes. 
And best of all, I could use my 256K 
Deskpro in either EGA or CGA mode (I 
prefer EGA and strongly suggest it for 
clearer displays). A hard disk isn’t 
required, but is certainly easier to live 
with. You also need DOS 2.0 or later. 

The first thing I had to become 
accustomed to was the vector display 
method. Whenever I zoomed or re- 
centered the screen, the display was 
redrawn item-by-item, rather than top- 
to-bottom or side-to-side. This was in 
contrast to the typical raster systems for 
schematic capture, but very similar to 
the mechanical CAD systems I’d used 
previously. The manual points out the 
reason for the vector approach— 
memory space. To get the resolution 
and board sizes that Tango-PCB sup¬ 
ports in 256K on a raster system would 
require a gigabyte! A nice touch, and 
typical of the user’s manual, to explain 
such things. Other sections are just as 
helpful when it comes to producing 
high-quality output, understanding net 
lists and photoplots, or just experiment¬ 
ing with adding new elements to the 
library. 

Let me point out that even though 
Tango-PCB is a vector-based system, it 
pans and zooms a layout quickly on an 
XT and would be very fast on an AT or 


Just because I’ve chosen 
to review low-priced 
systems doesn’t mean 
that they are low-end 
systems. 


386, partly because all calculations are 
done in integer. Not only is it faster, 
but a numeric coprocessor is not 
required. 

As I’ve said, this is a very rich sys¬ 
tem, and there are a great many com¬ 
mands for placing and removing pads 
and traces; moving and rotating compo¬ 
nents; breaking, moving, swapping, and 
changing traces between layers; and 
block moving, copying, and deleting. 

The design process involves a number 
of selection menus called up in the pro- 
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cess of creating your board. The first is 
the editor main menu from which you 
specify the active directory, the file to 
be edited, and possibly the net list. Each 
command is selected by pressing the 
highlighted letter in the command 
name. Additional commands invoke the 
editor and allow you to execute DOS 
commands, save or clear the work¬ 
space, choose the library to use or add 
components to, quit, and so on. 

Once you have invoked the graphics 
editor, additional menus allow you to 
select the pad sizes and the display 
options. A multipage on-line help 
screen is available, and all of the com¬ 
mands can be found on either the 
quick-reference card or the function key 
overlay supplied with the system. 

Within the editor you can choose 
from four track widths and eight pad 
sizes, and pull out predefined compo¬ 
nents (dips, sips, SMT patterns) from 
the library. All parts can be placed and 
moved with the rubberbanding of all 
connections (i.e., the ability to move 
and rotate components while maintain¬ 
ing track connections). Frankly, the 


Today’s systems offer 
fantastic functionality 
and ease of entry with 
quick correction and 
revision. 


variety of options is so great that it will 
likely take the user a while to take 
advantage of all of them. 

As I mentioned earlier, compatibility 
with many schematic capture program 
net-list files makes it easy to go from 
circuit diagram to routed and verified 
layout. This is important because you 
really do want to compare your layout 
net list with the original schematic net 
list. Also, if you take advantage of 
Tango-PCB’s ability to “rats’-nest” 
route from the schematic net list, you 
will probably need the verify utility to 
tell you how well you’ve done in 
straightening out that mess. 

While Tango-PCB can try to 
optimize the rats’ nest for path length 
while biasing for horizontal or vertical 
connections, Tango-Route can make 
this job considerably easier. Routing on 
a 25-mil grid with a trace width of 12 
mils, the system easily routed my test 
circuit in no time at all while minimiz¬ 
ing the number of vias. 

I tried two different approaches to 
perform the routing. In the first, I let 


the system assume a power and ground 
plane. In the second, I forced it to route 
as a two-sided board. In each case, the 
router was fast and 100 percent success¬ 
ful. If I had wanted to, I could have 
prerouted or defined “keep-out” areas, 
as well as specified the number of vias 


Compatibility with many 
schematic capture 
program net-list files 
makes it easy to go from 
circuit diagram to routed 
and verified layout. 


per connection. But what really makes 
this software “fun” was the dynamic 
graphical display of the routing process. 

An important feature of Tango-PCB 
is that the user is able to turn on and off 
layers displayed, and change their 
colors. After routing, I called up the 
editor and was then able to change the 
layout to eliminate some unnecessary 
paths and vias. 

Going back to Tango-PCB, another 
nice touch is “track stacking.” This 
feature allows the user to repeat com¬ 
plex sequences of tracks, a particularly 
useful technique when routing memory 
chips. Rotation of components plus 
flipping in the X- and Y-directions was 
convenient if I needed to produce 
reverse-image boards, but I would have 
liked a real flip command for each 
layer. 

Continuing with their design goal of 
ease of use and flexibility, the Accel 
people really outdid themselves with the 
print and plot utilities. There is every 
possible combination of plots possible, 
including changes in scale, offset, and 
padmaster sizing to name a few. You 
can stop the output at any time if you 
don’t like the results. You can make full 
color plots for checking. Whatever pro¬ 
tocol your printer or plotter uses, you 
can probably use it with this system. It 
is really impressive. 

Finally, the well-written manual 
explains and teaches about PCB design. 
For those new to the subject, this man¬ 
ual is essential and goes to great depths 
to elucidate the subject. There is a sec¬ 
tion on how to get quality output from 
pen plotters, a detailed explanation of 
photoplotter output, a list of over 120 
service bureaus providing fast turna¬ 
round, separate keypad and command 
summary overlays, plus a sample board 
showing various line and pad styles. 

The only limitation is that there is no 
index. 


The software is not copy protected, 
but does use a locking device. The 
device is a connector block inserted in 
series with the parallel port. Because 
you may have two (or more if other 
software requires it), a high quality, 
free two-foot cable is included so that 
the devices don’t stick out the back of 
your PC. 

If you’re looking into a layout and 
router system, Tango from Accel Tech¬ 
nologies is an excellent value. Each 
package comes with a 30-day guarantee. 
If you buy both at the same time, you 
can purchase a combined update service 
at the price of one ($50). If you’d pre¬ 
fer, either one can be tested in a fully 
functional demo for $10. 


HiWIRE 

Wintek has been showing HiWIRE 
for a little while now, and its style will 
be very familiar to users of the smART- 
WORK PCB layout package. Since a 
thorough review of smARTWORK can 
be found in IEEE Software, May 1986, 

I won’t cover it in detail again here. 
However, let me point out that smART¬ 
WORK has gone through a number of 
revisions that have added many new 
and versatile features. Among the ones 
I like best are (1) a revised manual; (2) 


smARTWORK has gone 
through a number of 
revisions that have added 
many new and versatile 
features. 


more trace widths and pad sizes; (3) 
Swap and Flip commands; (4) auto¬ 
matic mouse installation; (5) the ability 
to define sites, pins, and terminals; and, 
best of all, (6) an autorouter. All of 
these changes have not resulted in an 
increase in the price of the package 
($895), and registered users can upgrade 
at any time for $20. 

HiWIRE is one of the only CAD/CAE 
programs that I’ve seen that makes 
really effective use of the CGA graphic 
mode. Indeed, I found myself prefer¬ 
ring CGA over EGA mode. A large 
number of users will find this a real 
plus. With HiWIRE, a mouse is essen¬ 
tial; you cannot place and draw objects 
without one. I hope they change this in 
future versions because there are times 
when it is easier to use the cursor keys. 
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I used HiWIRE with smARTWORK 
to produce a simple test circuit. In no 
time at all I had read the manual, 
drawn the schematic complete with pic¬ 
torial diagram, and laid out the PCB. It 
took a little longer to understand the 
Check program for verifying the 
schematic to be the same as the PCB 


HiWIRE is one of the 
only CAD/CAE 
programs that makes 
really effective use of the 
CGA graphic mode. 


layout. The end result was a very 
professional product complete with bill 
of materials. One thing I did not have 
time to check out, but is supported, is 
the excellent hierarchical design capabil¬ 
ities of the system. 

Turning to the details of the package, 
HiWIRE is a very easy to use system. I 
have always been impressed by the peo¬ 
ple at Wintek because their systems do 
not overwhelm the new user, and the 
excellent manual, complete with tutorial 
chapters, gets the user up to speed in 
very short order. Also, the way the 
menus are set up, and the mouse used, 
makes for a very efficient human inter¬ 
face. And let me note that this is also a 
versatile CAD system that can be used 
for a lot more than just schematics, par¬ 
ticularly with its very large drawing area 
(approximately 30 feet square). 

HiWIRE is a menu-based system, but 
the menu only appears when you press 
the left mouse button. In this way valu¬ 
able space is not lost as it would be on a 
typical CGA system where the menu is 
constantly displayed. You drag the 


The connection rules for 
conductive objects are 
easy and very intuitive. 


mouse over the list of menu items, 
releasing it when you wish to select 
either a conductive object (wires, buses, 
joins, and components) or nonconduc- 
tive object (lines, boxes, arcs, circles, 
and text). Additional menu commands 
allow you to copy, move, delete, and 
change objects. Such objects change 
color to confirm their selection. Two 
second-level menus, called Ctl and Etc, 
turn on and off display coordinates, 


grid snaps, zoom in and out, spin and 
flip objects, undelete, and so on. 

There are over 700 parts in five 
libraries, plus a library of predefined 
borders. While this may not seem like a 
large number of parts, it is, because the 
spin/flip commands make it unneces¬ 
sary to store all configurations of any 
given part. Also, the simplicity of 
changing a component, say from the 
pinning of the A section to the C sec¬ 
tion on a quad OR gate, makes it 
unnecessary to keep more than just the 
A configuration. Users who don’t have 
lots of disk space will appreciate this 
design feature. Also, by using the 
schematic editor recursively, the same 
commands are used to edit components 
as to lay out the schematic. Thus, the 
user isn’t forced to learn a new set of 
object editing commands. 

Text can be created in nine sizes, with 
independent control of height, width, 
and one of four rotation angles. Text 
can be visible or invisible (for instance, 
when you don’t want to show pin num¬ 
bering on a connector). Labels are 
placed like other components, and can 
be manipulated with the same com¬ 
mands. A nice feature is that by calling 
up the editor on a component you can 
change the placement of its reference 
designator or its identifier, in case they 
get in the way of other items being 
drawn. Changing the reference designa¬ 
tor is just as simple, but an automatic 
annotation utility would be a nice fea¬ 
ture to have. 

There are a couple of other features 
that would make the system a little nicer 
to use. One is a continuous update of 
the coordinates being displayed, rather 
than having to wait until you stop mov¬ 
ing the mouse. Another is the ability to 
select the colors being displayed. Also, 
there seems to be no way to stop output 
to the printer if things go awry. Re¬ 
drawing of the screen as you pan is a bit 
slow. And finally, snap works a bit 
differently than other CAD programs in 
that the cursor moves freely and only 
the component is snapped to the grid. 

Output to the printer is very fast if 
you don’t use the feature that optimizes 
the quality of the plot. It is just like 
Wintek to offer such a feature because 
of their perfectionist attention to detail. 
Included in the chapter on printing and 
plotting is a section on troubleshooting 
and suggestions on how to improve the 
plot output. The print and plot com¬ 
mands are Unix-like with their optional 
parameters. The numerous parameters 
control the plotter type, paper and 
drawing size, output file name, and 
baud rates. 

One nonstandard feature is the net- 
list output vis a vis other similar 


schematic capture programs. With 
HiWIRE you have a simple list of sites 
and pin numbers without all the paren¬ 
theses. You could easily convert 
HiWIRE’s format to that used by other 
programs, but it is not necessary if you 
are using smARTWORK with it. 
smARTWORK offers several net-list 
and check programs to verify the PCB 
and schematic representations. Finally, 
HiWIRE offers an EDIF format utility 
as well, but I didn’t have any software 
to check it out for compatibility. 

The connection rules for conductive 
objects are the easiest I’ve seen, and 
very intuitive. They don’t limit you as 
to the number of wires that can come 
together at a junction, and don’t 
require you to place a dot at that point. 
In this fashion they are much less limit¬ 
ing than the rules required in other simi¬ 
lar packages. This is a real plus and 
eliminates many seemingly useless 
design rule errors (such as too many 
wires connected at a point). 


HiWIRE is by far one of 
the easiest-to-use 
schematic capture 
programs. 


Unlike smARTWORK, HiWIRE uses 
a hardware rather than a software lock. 
The lock device goes in line with your 
parallel printer port. This makes it eas¬ 
ier to use than smARTWORK in that 
you don’t have to have a key disk. 

Wintek has been the leader in offer¬ 
ing systems with a 30-day money-back 
guarantee, and HiWIRE also comes 
with this generous offer. The software 
requires 320K, two disk drives, parallel 
printer port, mouse, and DOS version 
2.0 or later. 

I recommend this system even though 
it is priced a bit above other systems I 
have evaluated. HiWIRE is by far one 
of the easiest-to-use schematic capture 
programs, and it is very flexible and 
versatile. It integrates nicely with 
smARTWORK and means that you can 
purchase a one-vendor solution to the 
CAD/CAE problem. Also, user sup¬ 
port from Wintek has been excellent, as 
demonstrated by their continuous revi¬ 
sion history. This last point is very 
important, since it shows how respon¬ 
sive Wintek is to its users’ needs. 


Richard H. Eckhouse, Jr. 
New Product Reviews Editor 
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NEW PRODUCTS 


IBM launches communications software, network control 


IBM has announced a variety of com¬ 
munications software and network con¬ 
trol products. 

According to the company, two new 
releases of the IBM Advanced Commu¬ 
nications Function/Virtual Telecommu¬ 
nications Access Method provide 
support for peer-to-peer communica¬ 
tions across and SNA network without 
host application assistance. 

ACF/VTAM Version 3 Release 1.2 ena¬ 
bles customers using distributed proces¬ 
sors running VTAM and VM/SP or 
VSE to communicate with another Sys¬ 


tem/370 processor over both dial and 
multipoint leased lines. Moreover, 
ACF/VTAM now also supports 9370 
Token Ring local area networks. 

Enhancements to the Net View 
products reputedly offer central man¬ 
agement of voice and data networks. 
NetView is IBM’s System/370 network 
management software. Release 2 per¬ 
mits central control of the operations of 
Systems Netwi :k Architecture and non- 
SNA networks. It also permits control 
of local and remote System/370s. 

Net View/PC, which supports IBM 


LANs, ROLM CBXs, non-SNA and 
non-IBM communications devices, now 
enables network control devices to 
receive commands from the host 
NetView. 

The new versions of these IBM 
products are scheduled for release in 
1988. Contact the company for infor¬ 
mation on pricing. 


ACF/VTAM: Reader Service 30 
NetView: Reader Service 31 
NetView/PC: Reader Service 32 


Digital commits to work-group computing with workstations, price cuts 


Digital Equipment has announced 
new VAX workstation configurations 
and price reductions in what the com¬ 
pany calls a commitment to the work¬ 
station market. 

The color VAXstation 2000 is a four- 
plane, 1024 x 864-resolution worksta¬ 


tion. The graphics subsystem relies on 
the same graphics chipset as the VAX¬ 
station II/GPX. Two versions are 
available. 

The entry-level 2000 system includes 
the MicroVAX II chipset running at 20 
MHz with a floating-point unit, desk¬ 


top system box, 4M bytes of memory, 
Ethernet adapter, mouse, software 
licenses, and 15-inch color monitor for 
$7900. 

The 2000 system with 19-inch moni¬ 
tor includes the same features for 
$11,900. 

The single-plane monochrome VAX¬ 
station 2000 with a 15-inch monitor 
costs $4600. It has the same features as 
the other 2000 systems. The system with 
a 19-inch monitor now costs $5400. 

Digital has also announced the VAX- 
server 100 for use in a local area VAX- 
cluster. It includes the MicroVAX II 
chipset running at 20 MHz with 
floating-point unit, 16M bytes of mem¬ 
ory, a 456M-byte formatted Winchester 
disk drive, a 95M-byte streaming tape 
drive, built-in Ethernet adapter, and 
operating system license. It costs 
$65,000. 

Software licenses for the VAXserver 
100 support either VMS or Ultrix. 

Digital has extended Local Area 
VAXcluster software to support 28 
nodes in version 1.2. The updated soft¬ 
ware costs from $1000 on the VAXsta¬ 
tion II, $1900 on the MicroVAX II, and 
$9500 on the VAX 8800. 

2000: Reader Service 33 
100: Reader Service 34 
V. 1.2: Reader Service 35 



The VAXstation 2000 32-bit workstation features a 15-inch color monitor for 
under $8000. A 19-inch monitor costs under $12,000. 
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Microsoft C compilers speed execution of C code 


Microsoft Corp. has announced two 
new versions of Microsoft C: Microsoft 
QuickC and Microsoft C Optimizing 
Compiler Version 5.0. 

Microsoft QuickC will be available in 
September for the introductory price of 
$99. According to the company, 

QuickC allows programmers to edit, 
compile, and debug programs from 
within the same development environ¬ 
ment. Features include an in-memory 
compiler reportedly capable of 10,000 


lines per minute, support of the 
Microsoft Mouse, and an integrated 
source-level debugger based on the 
company’s CodeView debugger. 

Microsoft C 5.0 is reportedly 30 per¬ 
cent faster than version 4.0. It comes 
with an enhanced version of CodeView, 
more than 100 new library functions 
(including a graphics library and BIOS 
and DOS calls), and enhanced 
documentation. QuickC comes with the 
compiler and is completely compatible 


IBM offers new 4381 models, entry-level 3090 Model 120E 


IBM has announced 4381 Processor 
Model Groups 21, 22, 23, and 24, avail¬ 
able in the first quarter of 1988. 
According to the company, the new 
models will provide a performance 
improvement of up to 30 percent over 
current models. 

The new models incorporate IBM’s 
newest one-megabit memory chip (in 
the 22, 23, and 24 models). The MG23 
and MG24 offer up to 64M bytes of 


memory and 52-nanosecond processor 
times. Operating systems include VM, 
MVS, VSE, IX/370, TPF, OS/VS1, 
MVX/XA, VM/XA, and VM/HPO. 

Prices range from $225,000 for the 
MG21 to $890,000 for the MG24. 

The IBM 3090 Model 120E 
uniprocessor provides what the com¬ 
pany calls a new entry point for the 
IBM 3090 series. It is field upgradable 
to the IBM 3090 Model 150E. The com¬ 


Altos 386 Series 2000 runs Xenix System V 


Altos Computer Systems offers the 
Altos 386 Series 2000, an 80386-based 
multiuser system that runs the Xenix 
System V operating system. 

According to the company, the Series 
2000 is compatible with its Intel 80286- 
ased floorstanding systems running 
Xenix 3.0 and will run Altos application 
software for the 80286-based systems. 

The Series 2000 is available in four 
configurations. All models include an 
intelligent file processor subsystem, sys¬ 
tem memory, a communications proces¬ 


sor, an ESDI hard disk drive, a 
1.6M-byte floppy disk drive, a 60M- 
byte streaming magnetic tape unit, and 
an Altos V terminal. 

The base configuration of Model 
2408S supports up to 20 users, has 4M 
bytes of RAM, and includes a 65M-byte 
enhanced small device interface hard 
disk drive. 

Model 2417S supports up to 20 users, 
has 4M bytes of RAM, and includes a 
142M-byte ESDI hard disk drive. 

Model 2417M supports up to 64 


Mitsubishi to market 80386-based PCs under its own name 


Mitsubishi Electronics America plans 
to market a series of 80386-based 32-bit 
personal computers under the Mit¬ 
subishi brand name. 

The MP 386 Series is based on Intel’s 
80386 microprocessor running at 16 
MHz with zero wait state. Standard fea¬ 
tures include 32K bytes of cache mem¬ 
ory expandable to 64K bytes, sockets 
for an 80287 or 80387 numeric 
coprocessor, 10 free slots, and five half¬ 
height slots for mass storage devices. 

According to the company, the MP 
386 runs most MS-DOS compatible 
programs and supports most Xenix- 


based software. 

The MP 386 is available in multiple 
system configurations including one 
floppy disk drive, one floppy disk drive 
and a 40M-byte hard disk drive, one 
floppy disk drive and a 70M-byte hard 
disk drive, and one floppy disk drive 
and a 120M-byte hard disk drive. Each 
configuration is available separately or 
with a display monitor: EGA, 
autotracking Diamond Scan, or mono¬ 
chrome. 

The 40M-byte configuration costs 
$5995. 
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with it, according to the company. 

Microsoft C 5.0 conforms to the IBM 
System Application Architecture and 
supports the proposed ANSI C stand¬ 
ard. Applications developed under C 
5.0 can be ported directly to MS OS/2. 
The suggested price is $450. Purchasers 
of C 4.0 can upgrade for $75; users of 
earlier versions, for $150. 

QuickC: Reader Service 36 
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pany anticipates .7 to .8 times the 
instruction execution rate of the 3090 
Model 150E operating under MVS/XA, 
MVS/370, and VM/SP HPO. 

The Model 120E supports 32M bytes 
of central storage, up to 128M bytes of 
expanded storage, and 24 channels. 

IBM’s 3090 Model 120E costs 
$985,000. 

4381: Reader Service 38 
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users, has 4M bytes of RAM, and 
includes a 142M-byte hard disk and the 
Multidrop cabling and transmission 
system. 

Model 2817M has 8M bytes of RAM 
and includes a 142M-byte hard disk and 
the Multidrop cabling and transmission 
system. 

Contact the company for information 
on availability and pricing. 
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The MP 386 PC from Mitsubishi Elec¬ 
tronics America comes with a choice of 
memory and display options. 
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Cell library combines linear and digital circuitry 
on one chip 


VMS tools provide VAX- 
friendly environment 

Scientific Computer Systems has 
announced a suite of VMS tools to 
allow VAX users to access SCS-40 
systems. 

The tools include three programs: 
Data Conversion utilities that allow 
data produced by the VAX VMS For¬ 
tran I/O to be moved to the SCS-40 sys¬ 
tem for use with the CTSS operating 
system; a Fortran Code Translator that 
converts existing VMS Fortran source 
code to CFT 1.13 Fortran source code 
that will compile and execute on the 
SCS-40 system; and the VMS Com¬ 
mand Utility that allows VMS users to 
issue VMS commands for execution on 
SCS computer systems. 

The tools come in two packages, each 
costing $3500 for a perpetual license. 
One tape includes the Data Conversion 
Utilities and the Fortran Code Transla¬ 
tor; the other includes the Data Conver¬ 
sion Utilities and the VMS Command 
Utility. 
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VTC has announced the VL3000 
6-gigahertz linear/digital bipolar cell 
library, which reputedly can combine 
both linear and digital circuitry on one 
chip. 

The VL3000 cell library contains 
more than 100 predesigned linear, digi¬ 
tal, and memory functions. Linear cells 
include 1.2-ns ECL comparators, 
2500-volt per microsecond buffers, 
500-MHz op amps, and transconduc¬ 
tance amps. Digital cells include SSI 


New PC is AT-compatible 

Franklin Telecom offers the 
FTC-286/10 personal computer. The 
10-MHz system, built around Intel’s 
80286 processor, is IBM compatible. It 
runs on Novell and 3COM networks. 

The FTC-286/10 has three 8-bit and 
five 16-bit slots, with space for one full- 


functions with 350-ps propagation 
delays up to LSI functions such as 2901 
four-bit ALU with 7-second instruction 
cycles. 

The VL3000 runs on the Mentor 
Graphics workstation. The design kit 
sells for $400. 

A turnkey solution is also available. 
Nonrecurring engineering costs start at 
$35,000 and include 15 prototypes. 
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height and three half-height peripherals. 
A variety of memory and graphics 
options are available. 

The FTC-286/10 costs $1850. 

A 12-MHz machine, the FTC-286/12, 
is planned. 
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Psion Organiser II PC fits in a pocket, links to other systems 


Psion has announced a handheld 
computer called the Psion Organiser II. 
Features include up to 320K bytes of 
on-board memory, built-in software, 
programming facilities, plug-in pro¬ 
gram packs, solid-state drives to store 
information and load programs, plug-in 
peripherals and links to other systems, a 
weight of under 9 ounces, battery oper¬ 
ation, and a size of 5.6 x 3 x 1.1 
inches. 

The operating language, OPL, per¬ 


mits the user to write programs and 
store them in built-in memory or on an 
optional Datapak. The Datapaks are 
solid-state memory units that fit into 
small slots in the back of the machine. 
They require no power backup and 
come in 16K-, 32K-, 64K-, and 128K- 
byte capacities. 

Datapaks with special applications 
already available include the Finance 
Pack, the Math Pack, the Pocket 
Spreadsheet Pack, and the Concise 


NCR workstation serves network communications 


NCR has announced an IBM PC-AT- 
compatible communications worksta¬ 
tion for network applications. The 3392 
Workstation is based on the 80286-10 
microprocessor running at 6 or 10 
MHz. It is the second in NCR’s line of 
communications workstations. 

The base system consists of the cen¬ 
tral processor board and NCR’s Per¬ 
sonality Card, disk drives, power 
supply, and two slots for communica¬ 
tions or other expansion cards. 

According to the company, users can 
customize the workstation by installing 
an expansion block with two half-size 
card slots or a file block that can 


accommodate a 5%-inch flex drive or 
two more 3/-inch drives. 

The 3392 uses what the company calls 
“split-card” architecture, which isolates 
the main processor and primary mem¬ 
ory on an expansion card-sized board. 
The system’s video adapter, disk drive 
controllers, extended memory, and 
serial and parallel ports are combined 
on a Personality Card. This reportedly 
permits technology upgrades to the 
80386 processor. 

A diskless model costs $1974 with 
CGA, $2174 with EGA. The basic 
model with a 5/-inch 1.2M-byte flex 


Oxford Spelling Checker. 

A standard peripheral port at the top 
allows the use of computers, modems, 
printers, and communication services. 
An optional accessory Comms-Link 
interface and cable connects to equip¬ 
ment with a standard RS-232 port. 

The Organiser II costs $159.95 for the 
CM model and $229.95 for the XP 
model. 


Reader Service 47 


drive costs $2199 with CGA, $2399 with 
EGA. A model with a 20M-byte fixed 
disk drive costs $2690 with CGA, $2890 
with EGA. 

Additional two-slot card blocks cost 
$400. 

Add-on file blocks with 5/-inch 
drives cost $625 with a 360K-byte flex 
drive and $675 with a 1.2M-byte flex 
drive. File blocks with 3/-inch drives 
cost $590 with a 720K-byte flex drive, 
$1115 with a 20M-byte fixed drive, and 
$1195 with a 40M-byte tape backup 
unit. 


Reader Service 48 


132 


COMPUTER 







NCR expands communications product line 


NCR has announced a variety of 
communications products, including the 
NCR PC Token-Ring System, the 
Multi-Protocol Communications 
Adapter, and the DOS/SNA Communi¬ 
cations Software Series. 

According to the company, the NCR 
PC Token-Ring System transmits data 
at a rate of four million bits per second 
and can link up to 260 nodes. Users can 
reportedly extend the network by bridg¬ 
ing to other LANs or computer systems. 

The system consists of a PC adapter 
board, an adapter cable, an enhanced 


version of the Microsoft Networks net¬ 
work operating system, a Netbios pro¬ 
gram, menu- and command-driven user 
interfaces, and diagnostic software. 

The adapter board supports diskless 
workstations and PCs. It can switch 
from an 8-bit data bus to 16-bit opera¬ 
tion. It costs $795. 

The PC LAN and Netbios programs 
cost $125 and $35, respectively. 

The Multi-Protocol Communications 
Adapter provides multiple communica¬ 
tions protocols over multiple ports on a 
single adapter board. It costs $595. 


The DOS/SNA Communications 
Software Series provides support for 
SDLC, token-ring, and X.25 environ¬ 
ments. It consists of DOS/SNA 
APPC/PC, which allows a PC to access 
SNA host systems; DOS/SNA 3270 
Terminal Emulation Program; and 
DOS/SNA 3770 Terminal Emulation 
Program. Prices range from $165 to 
$495. 

Token-Ring: Reader Service 49 
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Honeywell Bull adds to 3-tier integrated architecture 


Honeywell Bull has extended its inte¬ 
grated information architecture with the 
addition of the DPS 8000 computer 
family and new models of the DPS 6 
Plus product line, plus a Structured 
Query Language-based set of relational 
data management software. 

The DPS 8000 family of large-scale 
computers is a follow-on to the DPS 8 
product line, according to the company. 
Features include VLSI high-density cur¬ 
rent mode logic gate array circuits, one- 
million-bit DRAM, 256K-byte cache 
memory, fault-tolerance, memory inter¬ 
lacing, pipeline architecture, and 
extended segment program support of 
up to four billion bytes. 

Two models will be available in 
December. The DPS 8000/81 is a single¬ 
processor version for $675,000 and the 
DPS 8000/82 is a duplicated system for 
$1.3 million. Triple and quad-processor 
models are planned. 

The DPS 6 Plus 400 Series is a lower- 
cost version of the company’s 32-bit 
DPS 6 Plus systems. It is reportedly 
based on the same modular virtual- 
memory architecture as the larger 
family models. The system supports up 
to 38 users in a multifunction business 
and networking environment. 

The basic model 401 costs $33,000. It 
includes a 32-bit CPU, a virtual mem¬ 
ory management unit, 2M bytes of main 
memory, a 16K-byte cache memory, a 
communications controller with four 
RS-422-A ports, and a floppy disk 
drive. 

Honeywell Bull’s large-scale rela¬ 
tional data management system, Interel, 
reputedly serves as the foundation for 
interactive user facilities and productiv¬ 
ity tools. According to the company, 
Interel’s Structured Query Language 
and Integrated Relational Dictionary 


System (IRDS) provide an integrating 
agent within the company’s integrated 
information architecture. 

Interel’s implementation of SQL pro¬ 
vides compatibility with IBM’s 
SQL/DS and DB2, Oracle, Ingres, and 
Teradata’s DBC/1012 database 
computer. 

IRDS is itself a relational system 
designed to serve as the central system’s 
repository. 


Interel will be available in December 
with Software Release 3000 of the 
GCOS 8 operating system. License 
origination fees range from $8000 to 
$14,000 depending on system size. 
Monthly license fees range from $950 to 
$2100. 
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Honeywell Bull’s DPS 8000 mainframe serves as the hardware platform for the 
Interel relational database management system. 
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Portable microcomputer joins MiDAS 3 family 


CAD/CAM On-Line has announced 
the MiDAS 3 portable microcomputer. 
The portable is reputedly compatible 
with the IBM PC-XT and PC-AT. 

The machine comes in a titanium 
chassis with a 14-inch diagonal gas 
plasma screen display, seven full expan¬ 
sion slots, two serial and two parallel 
ports, three half-height slots, Intel 
80286 CPU running at 12.5 Mhz with 
zero wait states, 1M byte of RAM 


NCR has announced a family of per¬ 
sonal computers based on its incremen¬ 
tal workstation architecture, which the 
company says provides users with flexi¬ 
bility in system configuration and the 
ability to upgrade systems with storage 
devices, expansion slots, and new tech¬ 
nology. 

The PC916 is a 32-bit 80386-based 
PC designed to function as a stand¬ 
alone system, a departmental network 
server, or a communications gateway 
processor. It reputedly achieves three to 
four million instructions per second and 
runs at selectable speeds up to 16 MHz. 
It accepts a combination of integrated 
5X-inch and 3!4-inch drives. 



The general-purpose PC810 is IBM PC- 
AT-compatible and runs at 6 or 10 
MHz. It features NCR’s split-card 
architecture. 


expandable to 4M bytes on the mother¬ 
board, 384K bytes minimum disk cach¬ 
ing, and a socket for an Intel 80287 
math coprocessor. 

The ruggedized portable weighs 24 
pounds. The MS-DOS 3.2 operating 
system is standard, but it can run Unix 
System V and IBM’s OS/2. 

The MiDAS 3 Portable costs $6495. 
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The basic model PC916 includes an 
80386-16 processor board, a memory 
board with 2M bytes of RAM, a Per¬ 
sonality Card with an enhanced 
graphics adapter, a 1.2M-byte flex 
drive, a 30M-byte fixed disk drive, a 
clock/timer with battery, the NCR DOS 
3.2 operating system, and the NCR user 
interface and help facility. It costs 
$6353. 

The PC710 is an entry-level 80286-based 
PC with a range of expansion options. 
The basic model includes a processor 
board with 640K-byte RAM, an 80287 
math coprocessor socket, a Personality 
Card supporting a color graphics 
adapter or enhanced graphics adapter, a 
3)4-inch flex drive, NCR DOS 3.2 oper¬ 
ating system, and NCR user interface 
and help facility. With a 70K-byte flex 
drive, it costs $1954 with CGA and 
$2154 with EGA. Other configurations 
are available. 

Users can add up to two additional 
layers to the base system PC710; 
another layer with four expansion slots 
costs $395. Contact the company for 
more information on the layers and 
options available. 

The PC810 is an AT-compatible PC 
that reputedly allows users to replace 
the CPU with more powerful versions. 

It is based on the 80286-10 running at 6 
or 10 MHz. It accepts combinations of 
integrated 514-inch flex drives and 
314-inch drives. The main processor and 
primary memory occupy an expansion 
card-sized board. A second board is the 
Personality Card. The company calls 
this “split-card” architecture. Prices 
range from $2950 to $5920. 
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Intel adds Fortran vectorizer 
to iPSC-VX 

Intel Scientific Computers offers the 
VAST-2 Fortran vectorizer for the 
iPSC-VX vector concurrent computer. 
The compiler was developed by Pacific 
Sierra Research. 

According to the company, VAST-2 
accepts standard Fortran 77 applica¬ 
tions and vectorizes the code, including 
IF loops, to reveal low-level parallelism 
that can then be exploited by each vec¬ 
tor node. Diagnostic feedback helps 
identify sequences of statements that 
prevent vectorization. 

When tested on the Livermore 
Loops, a benchmark program used to 
measure the effectiveness of Fortran 
vectorizers, VAST-2 reportedly success¬ 
fully vectorized 18 of 24 loops. 

The VAST-2 vectorizer costs $10,000. 
Intel will handle distribution, product 
support, and software updates for 
iPSC-VX users. 
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TI’s midrange system based 
on 80386 


Texas Instruments has announced the 
System 1300, a multiuser 80386-based 
computer that falls into the middle of 
the System 1000 Series. 

The System 1300 supports up to 32 
users. Sixteen ports are standard. It uses 
the same peripherals as other models in 
the series and comes in the same chassis 
as the System 1100. Owners of System 
1100 computers can upgrade from the 
1100 to the 1300 by changing boards. 

Like other members of the series, the 
System 1300 uses the TI System V oper¬ 
ating environment, based on Microsoft’s 
Xenix System V. 

In addition to Intel’s 80386 proces¬ 
sor, the System 1300 features error- 
correcting code memory with caching. 
The standard 4M bytes of RAM is 
expandable to 16M bytes in lM-byte 
increments. An 80387 math coprocessor 
is optional. 

The Model 1325 has 182M bytes of 
internal disk storage; the Model 1350 
has 364M bytes of internal disk storage. 
Additional 182M-byte Winchester 
drives can be added. A 60M-byte car¬ 
tridge tape backup is standard. 

Scheduled to be available in the 
fourth quarter of 1987, the basic System 
1300 will cost $27,495. An upgrade kit 
to convert the System 1100 will cost 
$11,595. 
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NCR PC family based on incremental workstation 
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Blue Chip offers new computers, peripherals 


Blue Chip Electronics has announced 
two new computers and a variety of 
peripherals. 

The BC Turbo personal computer is 
IBM compatible. It features a dual¬ 
speed processor (4.77 MHz and 8 
MHz), 640K bytes of RAM, a 360K- 
byte floppy disk drive, one serial 
RS-232 communications port, one par¬ 
allel printer port, real-time clock/calen¬ 
dar with battery backup, six expansion 
slots, 8088-2 processor, a socket for a 


Wysepc 386, 286 use modular 

Wyse Technology has announced a 
family of IBM-compatible personal 
computers based on Intel 80386 and 
80286 microprocessors that reportedly 
use a modular systems architecture. 
According to the company, customers 
can upgrade performance or change 
processors by replacing central process¬ 
ing units (mounted on plug-in cards). 

The new models include the 16-MHz 
Wysepc 386 Model 3216 and three 
models of the Wysepc 286 family: the 
8-MHz Model 2108, the 12.5-MHz 
Model 2112, and the 12.5-MHz Model 
2214. 

Features include MS-DOS 3.2, with 


8087 coprocessor, a multivideo port, 
MS-DOS 3.2, and GW Basic. BC Turbo 
sells for $949. 

The PC Popular is IBM PC-XT com¬ 
patible. It features an 8088-2 dual-speed 
processor, 512K bytes expandable to 
640K bytes, mouse port, game port, one 
360K-byte floppy disk drive and a drive 
controller for a second unit, one serial 
RS-232 communications port, one par¬ 
allel printer port, two expansion slots, a 
multivideo port, a connector port, MS- 


systems architecture 

disk-caching software and software 
emulation of the Lotus/Intel/Microsoft 
(LIM) Expanded Memory Specification 
(EMS) and AST Enhanced EMS; a disk 
reorganization utility; a software secu¬ 
rity system; serial and parallel ports; 
and an 8-MHz compatibility mode. 

The Model 2108 comes standard with 
512K bytes of RAM. All other models 
include 1M byte of RAM. 

The Wysepc 286 models support an 
optional 80287 math coprocessor. The 
Wysepc 386 supports both the 80287 
and 80387 math coprocessors. 

The Wysepc 386 single-floppy drive 
model WY-3216-01 costs $3799; the 


Gould offers rugged Ada target computer 


Gould’s Federal Systems Division has 
announced the 7000 Series. According 
to the company, the system is a rugge- 
dized, embeddable, multiprocessor, 
real-time Ada target computer. 

Gould intends the 7000 Series for 
defense applications because of its 
weight (less than 40 pounds) and foot¬ 
print (less than one cubic foot of space). 
The series has reportedly been tested to 
Mil-E-16400G. Power requirements 
comply with MIL-STD-704 and MIL- 


Laser Digital microcomputer 

Laser Digital has expanded its line of 
IBM-compatible computers with the 
Pacer 386, a microcomputer based on 
Intel’s 16-MHz 80386 microprocessor. 

The standard Pacer 386 comes with 
512K bytes of RAM, expandable up to 
8M bytes. Configurations include a 


STD-1275. Shielding and EMI filtering 
features reportedly satisfy MIL- 
STD-461C and are designed to Tempest 
NACSIM 5100A. 

The 7000 Series is based on a Moto¬ 
rola MC68020 20-MHz processor with 
an MC6881 floating-point coprocessor. 
Three processors can fit into one chas¬ 
sis. Each processor has 3M bytes of 
error-correcting local memory and 1M 
byte of global memory. Two slots per¬ 
mit additional memory, I/O interfaces. 


based on 80386 

1,2M-byte floppy disk drive with a 
choice of hard disk drives with capaci¬ 
ties ranging from 20M bytes to more 
than 100M bytes. 

The eight expansion slots include two 
32-bit slots, four 16-bit slots, and two 
8-bit slots. 


DOS 3.2, and GW Basic. PC Popular 
sells for $549. 

New peripherals include a Hayes and 
IBM-compatible 1200-baud modem for 
$99, a multifunction memory expansion 
card for $149.99, and a 20M-byte hard 
disk for about $599. 
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40M-byte model WY-3216-40 costs 
$4999. 

The Wysepc 286 family is priced as 
follows: model WY-2108-01 with single- 
floppy drive, $1599; model WY-2108-20 
with 20M-byte hard disk, $2099; model 
WY-2112-01 with single-floppy drive, 
$2299; model WY-2112-40 with 40M- 
byte hard disk, $3499; model 
WY-2214-01 with single-floppy drive, 
$2799; model WY-2214-40 with 40M- 
byte hard disk, $3999. 
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or special-purpose boards. 

Other features include 64K bytes of 
45-ns cache memory; double-bit error 
detection, single-bit error correction; 
and 16-port RS-232C I/O processor. 

The 7000 Series is available in a Mul¬ 
tibus configuration, with a VME bus 
configuration scheduled for August. 

The series supports Ada, C, Unix V, 
and pSOS. 
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A Pacer 386 with a 40M-byte hard 
disk drive, 1.2M-byte floppy drive, 
monochrome monitor, and graphics 
card costs $4695. 
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Modeling workstation handles 3-D solids 


Apollo Computer has expanded its 
family of graphics workstations with 
the DN590 Turbo, a 3-D solids model¬ 
ing graphics workstation. 

The DN590 reputedly offers 16.7 mil¬ 
lion colors simultaneously in a single 
window. According to the company, it 
includes the most advanced lighting 
model available on any workstation. 

The new workstation combines the 
MC68020 and MC68881 microproces¬ 
sors with a set of graphics processors. It 


features 24-bit plane color hardware 
and Z-buffering and double buffering 
capabilities. 

Options include a floating-point 
accelerator (FPX) and a 3-D graphics 
accelerator (3DGA). 

Prices depend on custom configu¬ 
ration. 

Apollo offers a custom-configured 
packaged system for 3-D solids model¬ 
ing applications. The package includes 
8M bytes of memory, the 3DGA 


CASE workstation automates system development 


AGS Management Systems has 
announced Multi/CAM, a micro/main¬ 
frame based computer-aided systems 
engineering workstation. 

According to the company, systems 
development is built in, including multi¬ 
ple development life cycles with linked 
project prioritizing, estimating, schedul¬ 
ing, and tracking. 


Facilities include graphics, windows, 
text and document processors, help 
screens, menus or macro commands, 
electronic mail, micro-to-mainframe 
communications, and PC-DOS inter¬ 
action. 

System requirements are an IBM 
VM/CMS or MVS/TSO mainframe; an 
IBM PC-XT, PC-AT, or compatible 


Cadam software tools support CIM 


Cadam has announced a line of soft¬ 
ware tools for the computer-integrated 
manufacturing environment called Cim- 
Core Productivity Accelerators. The 
main programs target solids modeling, 
3-D design, and numerical control (NC) 
machining. 

The tools are augmented by a set of 
industry-specific applications that 
include finite element modeling, electri¬ 
cal applications, printed-circuit board 
design, and tools for the design and 
management of plants and facilities. 


According to the company, CimCore 
products can function independently or 
as integrated building blocks in cus¬ 
tomized configurations. 

The Interactive Solids Design pack¬ 
age is a solids modeling program impor¬ 
tant because of its ability to generate 
mathematically precise design data for 
use in CIM processes, according to 
Cadam. 

3-D Interactive combines 3-D fea¬ 
tures with design tools. It is production 
oriented. 


Software speeds development of token bus networks 


Motorola Microprocessor Products 
Group has announced the MC68KTBFA, 
a real-time software tool that reputedly 
speeds the development of token bus 
networks. 

According to the company, the 
Token Bus Frame Analyzer (TBFA) can 
track statistics while monitoring net¬ 
work performance. It can show chosen 
frames, store and display frames and 
trigger based on any International 
Standard Organization header or any 
segment of the media access control 
data unit. 

Connecting a TBFA to a token¬ 


passing bus LAN is reportedly transpar¬ 
ent to the LAN’s operation because the 
TBFA is not part of the token-passing 
logical ring. 

The TBFA software resides on four 
EPROMs that operate on a Motorola 
MVME372 MAP interface module 
board. Other equipment required 
includes a modem that matches the 
LAN, a VT100 terminal or equivalent, 
and a power supply. 

The TBFA sells for $2500. 

Motorola Microprocessor Products 
Group has also announced the 
MC68606 Multi-Link LAPD Control¬ 


graphics accelerator, the FPX floating¬ 
point accelerator, and 190M-byte mass 
storage or 348M-byte ESDI mass 
storage. 

Apollo also offers the DSP500 line of 
network servers (three file servers and 
two compute servers) that reputedly 
expand the network-wide resource shar¬ 
ing capabilities of Apollo workstations. 
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with PC-DOS 2.1 and up; 640K bytes of 
RAM; a 6M-byte disk drive; and an 
IBM monochrome display with Quad- 
vue, Tecmar, Mylex, or Quadcolor 
monochrome adapter boards. Commu¬ 
nications require IBM 3278 protocols. 

No prices given. 
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The NC II numerical control pro¬ 
gram provides NC programming for 
NC machine tools. 

The Cadam design database can be 
accessed through a Fortran-based 
programmer’s interface called the 
Geometry Interface Model. GIM also 
allows CimCore products to interface to 
products from other vendors. 

Contact the company for more infor¬ 
mation on CimCore and for pricing. 

Reader Service 71 


ler. According to the company, the 
MLAPD is the only VLSI device to 
completely implement the CCITT 
Q.920/Q.921 Link Access Procedure 
for the entire bandwidth of a primary 
rate Integrated Services Digital Network 
(ISDN) interface. The MC68606 will be 
available in 8-MHz, 12.5-MHz, and 
16.67-MHz system clock versions in 
both 84-lead pin grid array and plastic 
leadless chip carrier packages. Sampling 
is planned for the third quarter of 1987. 
Samples will cost $100. 

MC68KTBFA: Reader Service 72 
MC68606: Reader Service 73 
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Network manager centralizes LAN support 


Computerist MainFrame 
supermicro is expandable 

Digital Electronics Systems’ super¬ 
microcomputer, called the Computerist 
MainFrame, is built around the 32-bit 
Motorola 68020 CPU and 68881 
floating-point coprocessor. A 32-bit 
address DMA controller operates 
through memory protection control 
logic, reputedly eliminating the need to 
translate addresses using software. 
According to the company, this feature 
contributes to improved performance in 
a multiuser environment. 

The CMF uses I/O boards with local 
68000 32-bit processors to reduce sys¬ 
tem overhead by offloading tasks nor¬ 
mally performed by the central CPU. 

The Versados operating system comes 
with the CMF. In addition, an ANSII 
Standard Unix-transportable Fortran 77 
compiler is reputedly optimized for 
CMF’s CPU and floating-point hard¬ 
ware. A C compiler is also Unix com¬ 
patible. Other languages include a 
multitasking Basic, Pascal, PLM, and 
Modula-2. 

A two-user system costs $7300. A 
10-user system costs $13,425 and a 
24-user system costs $53,800. A Tem¬ 
pest (two-user) system costs $19,900. 
The operating system costs $500. The 
Fortran compiler costs $800; the C com¬ 
piler, $1300; and the Pascal compiler, 
$500. Multitasking Basic costs $1500. 
Maintenance fees are extra. 

Reader Service 74 


Brightwork Software has added Net- 
manager to its family of Netsuite net¬ 
work management software for Novell 
NetWare, IBM Token Ring, and 
Ungermann-Bass Net/One local-area 
networks. 

Netmanager reputedly allows net¬ 
work managers to answer questions 
from LAN users without leaving their 
workstations. It expands the capabilities 
of Netremote to include database man¬ 
agement functions that let LAN 
managers track the time spent on LAN 
problems and generate reports on LAN 
support activities, among other things. 

Netmanager also supplies several 


Precision Visuals has announced a 
software package for use by developers 
of interactive applications running 
under Unix. Enter/Act reputedly 
manages the complete user interface 
portion of an application by providing 
utilities for command processing, win¬ 
dow management, menu generation, 
and on-line help. 

According to the company, once the 
developer has specified the flow of con¬ 
trol through the program, Enter/Act 
automatically generates code to handle 
the command prompts, command 
processing, and program branching. 


levels of security and can be used in 
conjunction with modems and remote 
access software. 

Netmanager consists of a disk for a 
manager’s personal computer, at a price 
of $950. To run, it requires Netuser 
disks for each workstation. Netuser 
disks come in packages of 10 for $245 
and can be loaded on network file 
servers for shared access. Both support 
the IBM PC, PC-XT, PC-AT, or com¬ 
patible. They require MS-DOS 3.1 or 
3.2. 

Netmanager: Reader Service 75 
Netuser: Reader Service 76 


Enter/Act will include a version for 
timesharing systems running bsd 4.1, 
4.2, and 4.3 or AT&T System V.2 vari¬ 
ants of Unix, with automatic code gen¬ 
eration in Fortran; and a version for 
Sun, Apollo, and VAXstation II/GPX 
workstations, with generation of code 
inC. 

Prices will range from $13,000 to 
$32,500 for the timesharing version, 
and around $7000 for the workstation 
version. 

Reader Service 77 


Enter/Act manages user interface development 


Knowledge acquisition becomes automatic 


IntelligenceWare claims that Auto- 
Intelligence is the first commercial auto¬ 
matic knowledge acquisition system. 
According to the company, the system 
captures the knowledge of an expert 
through interactive interviews, distills 
the knowledge, and generates an expert 
system. 

According to the company, the soft¬ 
ware provides three basic services. First, 


it identifies the basic structure used by 
the expert in making decision. Second, 
it discovers the importance of the 
expert’s criteria in making decisions, 
and analyzes the interrelationships 
among these criteria. Third, it analyzes 
data and examples for redundancy and 
inconsistency, and generates knowledge 
by induction. 

Benefits reputedly include savings in 


time and money normally spent in the 
interview process with a knowledge 
engineer, and automatic generation of 
rules. 

Auto-Intelligence for the IBM PC, 
PC-XT, or PC-AT costs $990. Expert 
systems generated by the software are 
royalty free. 

Reader Service 78 


ultraCADD software packages run on IBM PC-ATs 


Maxam Technologies has announced 
the ultraCADD series of three 
computer-aided design and drafting 
software packages for IBM PC-AT and 
compatible systems. 

ultraCADD 240 is a 2-D design and 
drafting software package that features 
drawing creation and editing and modi¬ 
fication capabilities. It costs $1250. 
ultraCADD 320 is a 3-D design, 


modeling, illustration, and presentation 
software package derived from the 
Mega CADD Design Board Profes¬ 
sional. It costs $1950, including the 
illustration/paint package and the DXF 
translator. 

ultraCADD 357 is a design-oriented 
package featuring a dual color graphics 
monitor configuration. As a 2-D design 
software package it costs $2750, and as 


a 2-D/3-D design, modeling, and illus¬ 
tration software package, $3950. 

Options for the ultraCADD series 
include symbol, macro, and detail 
libraries; file translators including 
DXF, SIF, and IGES; and a variety of 
design applications programs 
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1C Announcements 


Company, Model, Function Comments 


Advanced Micro Devices A single-chip disk controller that supports the enhanced small device interface standard. 141 
Am959 ° Features dual sector buffers, on-chip direct memory access controller, and 16-bit 

Controller microprocessor. Supports up to four hard or floppy disk drives. Comes in a 68-pin leadless 

chip carrier package. Cost: $55 (100’s). 


Advanced Micro Devices A transparent asynchronous transmitter-receiver interface chip set for point-to-point data 142 
Am7968/7969 transmission that provides 56M-bit/s data throughput or a 70-MHz clock rate. Features 12 

Transmitter/receiver parallel interface pins. Can be cascaded in increments of 8, 9, or 10 bits. Comes in 28-pin 

cerdip. Cost: $58 for the pair (100’s). 


Anadigics 

ATA30010 

Amplifier 


A 3G-bit/s transimpedance amplifier with large internal negative feedback. Features a total 143 
forward gain of 50, a feedback resistance of 2500 ohms applied around the gain stages, and 
a source follower buffer with a 50-ohm output impedance. Cost: (in 1000’s) $43.50 for die, 

$75 for 8-pin flatpack. 


Analog Devices 
ADSP-3212/3222 
Multiplier/ALU 


Integrated Device 
Technology 

IDT8M824, 1DT8M624 
SRAMs 


A CMOS 64-bit floating-point multiplier and ALU chip set for single-precision, double- 144 
precision, and 32-bit fixed-point operations. The 3212 incorporates an internal 54 x 54 
array multiplier. Both have a single internal pipeline register. Packaged in a 144-pin PGA 
Cost: $297 each (100’s) for 16.7 Mflops ADSP-3212J/3222J; $419 each (100’s) for 20 
Mflops ADSP-3212K/3222K (first quarter 1988). 

The IDT8M824 is a 128K X 8-bit lM-bit SRAM with 50-ns access time. The IDT8M624 is 145 
a 64K x 16-bit lM-bit SRAM with 50-ns access time. Other modules available. Cost: 

IDT8M624 in a 40-pin DIP, $190 up (100’s); IDT8M824 in a 32-pin JEDEC-compatible 
DIP, $190 up (100’s). 


Integrated Device 
Technology 
IDT71256, IDT71257, 
IDT71258 
SRAMs 


The IDT71256 is a 32K x 8-bit 256K SRAM; the IDT71257, a 256K x 1-bit 256K SRAM; 146 
and the IDT71258, a 64K x 4-bit 256K SRAM. All three feature access times of 35 ns. All 
have a reduced-power standby mode. Cost: IDT71256 in a plastic DIP, $105 (100’s); 

IDT71257 and IDT71258 in a plastic DIP, $125 (100’s). 


LSILogic A four-chip set of algorithm-specific image-processing ICs that process standard video 147 

L642xx family images in real time. Fabricated using a 1.5 micron HCMOS process. Operate at 20 million 

Image processors cycles/s over commercial temperature and voltage ranges. Also available in military ver¬ 

sions. Consists of L64210/L64211, varaible-length video shift registers; L64220, rank value 
filter; L54230, binary filter and template matcher; and L54240, multibit filter. No prices 
given. 


Sony 

CXK58255P, CXK58255K 
SkAMs 


The CXK58255 is a 32K x 8-bit CMOS SRAM. The CXK58255P comes in a 28-pin plastic 
DIP. The CXK58255K comes in a 32-pin ceramic leadless chip carrier. Both come in 45- 
and 55-ns versions. Cost (in 100’s): CXK58255P-45L, $80; CXK58255P-55L, $55- 
CSK58255K-45L, $88; CXK58255K-55L, $61. 


148 


Texas Instruments 
SN74BCT family 
Bus interfaces 


Six 10-bit bus drivers, memory drivers, and 10/9-bit transceivers with three-state outputs. 149 
Fabricated using digital bipolar-CMOS technology. Operate at TTL logic levels, from 0 to 
70 degrees C. Come in 24-pin DIPs. Cost: around $3.50. Contact the company for 
specifics. 


VLSI Technology 

VL16C452 

ACE 


VLSI Technology 

VT7C122 

SRAM 


A 68-terminal CMOS dual asynchronous communications element with a Centronics-style 150 
printer interface. Drives the printer interface without external buffers. Serves two serial 
I/O interfaces simultaneously. Also has a bidirectional parallel data port. An enhanced 
dual-channel version of the VL16C450 ACE. Cost: $16.50 (1000’s). 

A IK CMOS SRAM with access and cycle times of 15 ns. Also available in 25-ns and 35-ns 151 

versions. Organized as 256 words X 4 bits. Typically consumes 330 mW. Comes in a 
22-pin plastic DIP. Cost: $10.44 for 15-ns version (1000’s). 
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Company, Model, Function 


Comments 


R.S. No. 


Analog Devices 
RTI-680-HS 
Array processor 


Arcom Control Systems 
SNETM, SNETS 
Bitbus boards 


CASE Communications 
7450 DNP 
T-l multiplexer 


Cyclone Microsystems 
CY4110 

Single-board computer 


Daisy Systems 
Star 

Routing system 


Datapath 
Quaddro series 
Graphics controllers 


IOtech 

Personal 488/2, 

Personal 488/2A 
Interface boards 

Matrox Electronic Systems 

MVP-MVE 

Image processor 


Megahertz 

EasyTalk EMS/T1200 
Memory/modem card 


Softlab 

Maestro/PC 

Emulator 


Xycom 
XVME-402 
Bitbus controller 


A programmable VMEbus-compatible array processor board with an eight-mega-samples 120 
per second throughput. Based on Analog’s ADSP-2100 digital signal processor. Provides 
implementations of signal processing algorithms written in C or ADSP-2100 assembly lan¬ 
guage. Can transmit 16-bit words over private bus at 10-MHz video rates. Cost: $5495. 

Both boards are based around Intel’s 8044 Bitbus microcomputer. SNETS, an STEbus 121 

slave board, implements an I/O-mapped slave interface to the STEbus for transmission 
and reception of messages over the network. SNETM serves as an STEbus master and 
offers 16 more lines of digital I/O on a standard signal-conditioning connector interface. 

No prices given. 

Enables full bandwidth use of T-l transmission circuits, with point-to-point and multinode 122 
T-l networking. Compatible with Digital Access Cross-Connect Service interface. Supports 
subrate and super-rate digital multiplexing. Supports 16 T-l circuits. Features built-in 
redundancy and centralized control. Price varies with configuration. 

Based on a Motorola 68020 CPU running at 12.5, 16.67, or 20 MHz. Features 2 or 4M 123 

bytes of dual-ported DRAM, 5 JEDEC sockets, Motorola 68440 two-channel DMA con¬ 
troller, floppy disk controller, SCSI interface, parallel printer port, four RS-232-C ports, 

24-bit counter/timer, real-time clock, and VMEbus master/slave interface. Cost: $5700 
(12.5 MHz with 2M-byte DRAM), $5900 (16.67 MHz), or $6100 (20 MHz). 

A strategic automatic router that uses a planned series of routing passes for printed-circuit 124 
board design. Designed for use with Daisy’s Boardmaster PCB design workstation. Uses 
actual via and pad sizes, trace widths and clearance rules. Cost: $18,000 (MicroVAX), 

$45,000 (multiuser VAX), $8000 (IBM PC-AT), or $12,000 (Personal Logician 386 and 
Logician 386). 

Graphics controller boards using the Quad Pixel Data Manager (QPDM) from Advanced (25 
Micro Devices. Features 4K x 4K x 4-bit mapped resolution, four-plane viewable window 
reorganizable as an eight-plane window, 2096-color palette, 16-bit bus interface with DMA 
support, and video clock rates up to 100 MHz. Cost: Start at £1500. 

IEEE interface boards for IBM’s System/2 models 50, 60, and 80. Personal 488/2 supports 126 
DMA transfers up to 250K-bytes/s and 2A up to lM-byte/s. Both feature built-in error 
checking, built-in vectoring on service requests, and IEEE controller capability for up to 14 
bus devices. Cost: $495 (Personal 488/2) and $595 (Personal 488/2A). 

An industrial image-processing subsystem consisting of three boards. Functions include 127 
real-time convolutions, morphological transforms, pattern matching, and feature extrac¬ 
tion. Incorporates the Motorola 68000 CPU and Hitachi ACRTC graphics chip. Cost: 

$5995. 

A memory/modem card for Toshiba’s T3100 laptop computer featuring 1M byte of 128 

expanded memory on an internal Hayes-compatible 1200/300-baud modem. Comes with 
Crosstalk communications software. Memory configurable as regular extended memory or 
Lotus/Intel/Microsoft Expanded Memory Specification memory. Cost: $899. 

Terminal emulator and batch data-transfer communications software that accesses the 129 

Maestro environment for computer-aided software engineering. Permits up to eight work¬ 
stations in a standard cluster of 32 to be replaced by IBM-compatible PC-XT and PC-AT 
machines. No price given. 

A VMEbus-compatible board that functions as a slave or a master controller on a Bitbus 130 
network. Employs an Intel 8044 Bitbus enhanced microcontroller. Features VME interrupt 
capability, three 28-pin memory sites, and a handshake interface to the VMEbus. Operates 
in either self-clocked or synchronous mode at one of three baud rates. No price given. 





BOOK REVIEWS 


Editor: Wiley McKinzie, School of Computer Science and Technology, Rochester Institute of Technology, Rochester, NY 14623; Compmail, w.mckinzie; CSnet, wrm@rit 


Programming with APSE Software Tools 


Roy S. Freedman (Petrocilli Books, 

Princeton, New Jersey, 1985, 253 

pp., $27.50) 

Here is an outstanding introductory 
monograph on Ada Programming Sup¬ 
port Environment (APSE) tools and 
related automated aids. It is intended 
for those literate, but not necessarily 
fluent, in the Ada programming lan¬ 
guage and its use in the design, imple¬ 
mentation, test, and maintenance of 
large application programs throughout 
the software life cycle. An APSE is spe¬ 
cially adapted to support cost-effective 
software development, test, and opera¬ 
tion for real-time embedded computer 
resources of ultra high concurrency. 

Recall that Ada, based on Pascal and 
other Algol-like languages and devel¬ 
oped for the world’s largest software 
user (the US Department of Defense), is 
the first practical programming lan¬ 
guage to support fully the use of struc¬ 
tured software engineering techniques, 
encapsulation, generics, exception han¬ 
dling, and multitasking. Thus, use of 
Ada supports the acquisition of afford¬ 
able, quality applications software by 
addressing, among others, the critical 
issues of the programming environ¬ 
ment, maintainability, product assur¬ 
ance, security, and readability early on 
and up front. Further, Ada overcomes a 
serious problem with Pascal: Pascal is 
designed as a single-pass compiler. With 
more than a few thousand lines of code, 
the compilation time is a major burden. 

This book is divided into five major 
sections: (1) an overview (five chapters); 
(2) control issues (four chapters); (3) 
database issues (four chapters); (4) run¬ 
time support (five chapters); and (5) 
interface issues (three chapters). Each 
of the 21 chapters ends with a few essay 
type problems, some easy and some 
open-ended. For example, “Show how 


a compiler can compile itself.” There 
are no Ada-code-writing exercises or 
other “hands-on” exercises. Most 
likely, the monograph will appeal to a 
broad audience, since it is written in a 
readable, top-down manner from the 
viewpoint of the Ada-code user. Fur¬ 
ther, it starts out with a mention of the 
Turing machine model, proceeds to 
brief, discursive overviews of the theory 
of computation and the Ada language, 
and, finally, discusses an APSE and its 
ramifications. On the way are summary 
discussions of such basic topics as 
embedded computer systems, compiler 
validation, the software life cycle, 
APSE requirements, library tools, run¬ 
time support tools, distributed pro¬ 
gramming, debugging, APSE interfaces, 
writing APSE tools in Ada, APSE 
resource management, and Ada soft¬ 
ware portability. A bibliography has 57 
references, mainly in the 1983 time 
frame. 

The book is largely self-contained. 
Nevertheless, it will be read more easily 
and profitably if one is familiar with the 
author’s earlier book, Programming 
Concepts with the Ada Language (same 
publisher, 1982). Although the book 
under review concerns the Ada software 
life cycle and cost effectiveness, it does 
not mention life cycle cost modeling for 
Ada software development, which 
would build management confidence 
that a proposed large-scale Ada soft¬ 
ware effort is more affordable under 
one software development approach 
than another (the cost element of cost 
effectiveness). Further, the cost and 
scheduling constraints required for 
quality training of the Ada software 
developers and maintainers are not dis¬ 
cussed. 

Presently, there are only about 35 
fully validated Ada compilers. This 
reviewer wonders when validated Ada 


compilers and APSEs will be available 
for use with the nearly 225 existing 
supercomputers; say, the Cray X-MP or 
the ETA-10 series. Certainly this book 
will facilitate the process of installing 
Ada almost everywhere. 

In conclusion, I recommend this 
book to the computer science commu¬ 
nity and beyond. It will be best utilized 
as supplementary reading by advanced 
undergraduates in computer science 
who write or analyze Ada code and by 
managers responsible for the develop¬ 
ment, test, maintenance, and operation 
of large-scale software efforts for 
embedded systems. 

Albert A. Mullin 

US Army Strategic Defense Command 

Applied Database Logic I: 
Fundamental Database 
Issues 

Barry E. Jacobs (Prentice Hall, Inc., 

Englewood Cliffs, N.J., 1985, 334 

pp., $35.25) 

Database technology has gained 
widespread acceptance in industry for 
its universal applicability to various 
problem domains, such as business 
processing, CAD/CAM, image process¬ 
ing, etc. Several database management 
systems (DBMSs) have been developed 
based on different data models. Some 
well-known data models are relational, 
hierarchical, and network. Each data 
model suits specific structural specifica¬ 
tions rather than being universally 
applicable to all problem domains. A 
proliferation of databases with varied 
data models has resulted. 

These heterogeneous situations create 
several “database issues,” including 
external-to-conceptual mapping, view 
update, view integration, database con¬ 
version and query processing, auto¬ 
matic program conversion, and external 
axiomatization. This book presents a 
common approach to each of these 


Recently published books and new periodicals may be submitted for review 
to editor at the address given above. 

Note: Publications reviewed in this section are not available from the IEEE 
Computer Society; they must be ordered directly from the publisher. 
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database issues using database logic and 
interpretations. The modus operandi, 
according to the author, is to generalize 
database technology from the relational 
to the heterogeneous case using data¬ 
base logic as the framework. 

The relational approach to the data¬ 
bases can be couched within the formal¬ 
ism of first-order predicate logic. The 
author tried to show in this book that 
the same thing can be achieved with the 
heterogeneous case using database 
logic. Database logic provides a mathe¬ 
matical foundation for the study of het¬ 
erogeneous databases. The author 
shows in Chapter 9 that database logic 
is different from the first-order logic in 
that it has a set quantification and a 
“true” set membership. All solutions to 
the database issues seem to extend from 
the relational case to the general case 
without difficulty. 

Interpretation is the main tool used to 
resolve the database issues. They are 
treated first for the relational case and 
later generalized to the heterogeneous 
case. The proofs for the theorems and 
lemmas are gathered into separate sec¬ 
tions in each chapter for later review. 
Many proofs for theorems that the 
author deemed to be easy are left for 
the reader as exercises. 

As a consequence of the interpreta¬ 
tion, we have a mapping of any rela¬ 
tional structure into another relational 
structure. The resulting relational struc¬ 
ture under mapping is called the 
interpretation-induced relational struc¬ 
ture. Further, the relational structure 
on which the interpretation is applied is 
called the inducing relational structure. 
The author establishes a link between 
the notions of interpreted formulas and 
the induced relational structure. This is 
given in a theorem called the Flipper 
theorem. It shows that the “well- 
formed formulas” that are true on an 
interpretation-induced relational struc¬ 
ture are precisely those whose interpre¬ 
tations are true in the inducing 
relational structure. 

In the case of external-to-conceptual 
mapping, the problem is to express the 
relationship between two databases so 
that one can be maintained as an exter¬ 
nal view of a second conceptual view. 
The external-to-conceptual mapping 
consists of an interpretation of the 
external view and a set of programs 
(operation simulators) that simulate 
operations such as insert, delete, and 
update. 

The view update problem consists of 
determining how updates on an external 
view can be simulated correctly on the 
underlying conceptual database. The 
author introduces four notions of cor¬ 
rectness for operation simulators, 


namely, weak correctness, consistent 
correctness, independent correctness, 
and strong correctness, and presents 
some sufficient conditions for them. 

View integration involves construct¬ 
ing a conceptual database that will sup¬ 
port all given external views. The 
author presents a view integration 
methodology and shows it to be 
applicable to adding and recording 
views to an already existing set of sup¬ 
ported external views. 

Database conversion involves the 
construction of new databases from 
existing ones. Query processing is 
treated as a special case of database 
conversion, by constructing relational 
databases from other databases. The 
author suggests his forthcoming book, 
Applied Database Logic II: Heterogene¬ 
ous Distributed Query Processing , for 
fuller treatment of this issue. 

The automatic program conversion 
involves deriving new database descrip¬ 
tions from old and optimizing the 
resulting programs. The conversion 
methodology is presented in detail. 

The problem of external axiomatiza- 
tion is to state the common characteris¬ 
tics of all possible external databases 
for a given conceptual database. The 
problem is broken up into subproblems 


Gil Roeder (producer) and Ray 
Goldsmith (director) (Retrieval 
Technology Corporation, Chelms¬ 
ford, Mass., 1985, 3 video tapes, 
floppy disk, and workbook, $995) 


When a friend suggested I look at a 
video on learning C, I was both 
intrigued and interested. I had never 
taken the time to learn C and I was 
rather skeptical that video instruction 
would be anything more than boring. 
I’m sure you know what I mean—hours 
and hours of one person droning on 
about a subject you want to learn but 
have lost all interest in due to the poor 
presentation of the subject and the lack 
of communication skills of the instruc¬ 
tor. Typically, the only reason for even 
considering a video form of instruction 
is that you at least have the option of 
turning it off as often as necessary. 

You’re in for a surprise when you use 
“All-Hands On” C Video Workshop 
from Retrieval Technology Corp. I 
found this video course a lively and fun 
presentation that kept me looking for¬ 
ward to each new topic. The approxi¬ 
mately six hours of presentation went 


such as the notions of implied con¬ 
straint, onto, invertible, and faithful 
interpretations. 

The author concludes that the 
implied constraint problem and hence 
the external axiomatization problem are 
not solvable in their generality. He leans 
heavily on the results from mathemati¬ 
cal logic to provide these conclusions. 

In this respect, this book assumes that 
the reader knows the results from 
mathematical logic. (One book often 
quoted on logic is Mathematical Logic 
by J. Shoenfield.) 

The book may serve as a good refer¬ 
ence for graduate students specializing 
in database theory. The subject matter 
is thoroughly explained with examples 
wherever possible. However, I caution 
the reader about the notation, which is 
imposed without explanation. Also, 
typos that creep up at times may cause 
confusion. Nonetheless, every chapter is 
provided with exercises and references 
for self-assessment and further clarifi¬ 
cation. 

In summary, the book has a practical 
value and may appeal to database the¬ 
oreticians and practitioners as well. 

Mark N. Sastry 

Honeywell, Inc. 


by very quickly because the pace was 
good, the mechanics excellent, and the 
method of presentation unusual. I am 
surprised and thrilled to see that learn¬ 
ing can be so painless and enjoyable. 

The authors of this course have opted 
to present the gestalt of C; they have 
assumed the user to be a knowledgeable 
programmer who can pick up the details 
they have chosen to omit. 

The course is broken into six modules 
entitled Introduction and Tutorial; 
Operators and Expressions; Arrays, 
Strings, and I/O; Statements and Con¬ 
trol Flowr Functions and Variables; and 
Pointers and Structures. The C you 
learn is standard C, and should be com¬ 
patible with most, if not all, C inter¬ 
preters/compilers. The course includes 
everything you need: workbook, text, 
exercises, and programming examples, 
except for the C compiler. In my case I 
had a copy of Living C-Personal 
(reviewed in IEEE Software, Mar. 

1986), which I used because of its help¬ 
ful tracing features and simple user 
interface. 

What really sets this video apart from 
all the others I’ve seen is the seamless 
integration of the presentation. The 


All-Hands-On C Video Workshop 
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course leaders, Gil and Gary, are com¬ 
plemented by Tom Shmedly, the roving 
reporter; Python Brown, a shell-game 
hustler who explains precedence; plus a 
host of characters that reside inside a 
computer to make sure we get results 
when programming in C. As I’ve said, 
in this course humor is appropriately 
applied to make the learning fun and 
interesting. I can attest to this per¬ 
sonally because of the favorable com¬ 
ments I heard from a colleague who 
stopped in after overhearing the audio 
portion. She said that what she heard 
made her understand and remember the 
concept being presented, even though 
she wasn’t interested in watching the 
video. 

All concepts are presented through a 
dialog between Gil and Gary. On-screen 
programming examples are highlighted 
as statements are examined, and copies 
of the examples are included in the 
workbook along with guidelines for the 
key concepts discussed. These same 
programming examples are included on 
the C-Video Workdisk so that you can 
try them out on your compiler. 

After discussing a program, the video 
cuts to a programmer at his terminal 
who goes through the same steps you 
might in examining the program and 
executing it. When more explanation is 
appropriate, Tom Shmedly offers a live 
report that is funny and yet informa¬ 
tive. This is particularly true when Tom 
takes us inside a computer to see how 
functions and the stack operate. 

Within each module are checkpoint 
exercises that you should complete 
before continuing on. Answers are 
included with the workbook. At the end 
of each chapter you are given a reading 
assignment in the textbook, Learning to 
Program in Cby Thomas Plum. You 
are also expected to complete some of 
the exercises in the workbook. This time 
solutions are found on the workdisk, 
which is very convenient because you 
don’t have to type them in to be run on 
your C compiler. Also, the workbook 
includes an index, which proved useful 
when working on the exercises. 

1 highly recommend this video course 
to you. While the price may seem steep 
in comparison to a book, it is a bargain 
for a company wanting to teach the 
subject to a group of people. The highly 
motivating presentations are a viable 
and valuable substitute for a live 
instructor, and users have the option of 
reviewing the materials after the course 
is over. 


Richard Eckhouse 
MOCO, Inc. 


Executing Temporal Logic Programs 


B.C. Moszkowski (Cambridge Uni¬ 
versity Press, New York, 1986, 125 
pp., $14.95) 


Reviewers typically choose to review 
books and manuscripts related to their 
daily activities. Although this makes the 
task easier, when the document con¬ 
tains material which is very familiar to 
them the process can be tedious and 
uninspiring. 

Fortunately, we occasionally find a 
challenging gem among the many sub¬ 
missions, and Moszkowski’s delightful 
treatise on temporal logic is one of 
them. 

Temporal logic, in many forms, has 
been a background topic in computer 
science for at least twenty years. Until 
recently it was used primarily as a speci¬ 
fication and verification tool for con¬ 
current languages. However, in this 
decade, other important applications 
have been exposed. It is now recognized 
as a powerful medium for modeling the 
behavior of dynamic systems. 

Moszkowski’s work has extended the 
semantics of temporal logic to allow it 
to be used as a programming language. 
List structures, existential and universal 
quantifiers, iterative constructs, and 
several new operators have been added. 
This book provides a review of the 
basics of this variant of temporal logic 
(named interval temporal logic), defines 
the extensions, describes their imple¬ 
mentation as an interpretive language, 
and gives several examples of some 
practical applications. 

A description of the basic features of 
temporal logic and the derivation of 
some additional operators is presented 
in the first few chapters. The presenta¬ 
tion is compact, but also clear and com¬ 
plete. Every concept is illustrated with 
simple examples. A reader with no prior 
exposure to this subject will have no 
difficulty grasping the fundamentals. 

A programming language named 
Tempura is introduced. Tempura is 
given most of the language elements 
found in conventional procedural and 
functional languages. Time-variant 
attributes are added by defining an 
operator (chop) that divides the interval 
implicit in a procedural sequence into 
arbitrary subintervals. 

At this point we are treated to some 
sample Tempura programs in such 
diverse applications as tree traversal, 
list partitioning and sorting, a descrip¬ 
tion of a multiplication circuit, the gen¬ 
eration of digital pulses, and the testing 
of a latch. Each example includes the 


program, sample executions, and, for a 
few of them, specifications for correct¬ 
ness and speed. The examples also 
demonstrate that the language can be 
used for serial and parallel algorithms. 
The content of this chapter is excellent; 
however, a second printing of the book 
should arrange the material so that the 
discussion, program, and sample execu¬ 
tion of each example are contiguous. 
Some page-hopping is needed to bring 
together all of the pieces of each 
example. 

A method for executing temporal 
programs is embedded in a description 
for implementing the major constructs. 
'Some of the details of the implementa¬ 
tion are omitted, but the basic concepts 
are quite clear. This chapter concludes 
with a discussion of modifications that 
could be made to the interpreter to 
increase its speed. These include the 
elimination of some existing features 
with only a slight reduction in the func¬ 
tionality of the language, and the inclu¬ 
sion of additional and alternative 
constructs to facilitate data manipu¬ 
lation. 

The final substantive chapter dis¬ 
cusses some experimental features still 
under development. Temporal projec¬ 
tion permits the mapping of a set of 
states from one level of time granularity 
to another, and the author has devised a 
relatively simple mechanism for includ¬ 
ing this feature in Tempura. Lamda 
expressions are discussed as a natural 
mechanism for including functions and 
pointers. 

The book concludes with a brief dis¬ 
cussion of the history of temporal logic 
and of the approaches taken by other 
researchers in this field. A comprehen¬ 
sive bibliography of the significant pub¬ 
lications is included. 

If you are not familiar with temporal 
logic, read this book first to obtain a 
concise yet complete understanding of 
the general concepts. Then use the 
historical information in the last chap¬ 
ter, and the bibliography, to survey the 
important work. At that point you may 
agree with my conclusions that tem¬ 
poral logic is a fascinating variation to 
conventional programming concepts, 
that it has some significant applica¬ 
tions, that we will see further develop¬ 
ment of the topic, and that 
Moskzowski’s contribution via this 
book has played an important role in all 
of these. 


John D. Holt 

California State University at Fresno 
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Design of Distributed Operating Systems 


Paul J. Fortier (McGraw-Hill, Inc., 

New York, 1986, 323 pp., $38.95) 

Distributed operating systems have 
received a great deal of attention in the 
last few years. I know of over forty 
ongoing research projects on distributed 
operating systems, mostly in academia. 
Most of these systems have been imple¬ 
mented, though to varying degrees of 
completion. I am currently using the 
book in a course on distributed operat¬ 
ing systems that I am teaching in the 
Computer Engineering Program of the 
Department of Electrical Engineering. 
Therefore, where applicable, I will men¬ 
tion my students’ reactions to the book. 

On previous occasions when teaching 
the same course, I relied on a collection 
of papers gathered from the literature. 
Therefore, I was very happy to see the 
book by P. Fortier and was willing to 
try it as a required text. In retrospect, I 
believe that I would still use it as a text, 
though maybe as an optional requirement. 

The book appears to be written for 
anyone lacking a background in dis¬ 
tributed operating systems. From that 
point of view, I believe my students 
(first-semester graduate students) have 
appreciated the book much more than I 
have. I felt that the book was very 
rudimentary in places, though this is 
exactly why other people may find it 
excellent. 

The first four chapters made this 
book an introductory book, in particu¬ 
lar the chapter introducing operating 
systems concepts, which takes over 50 
pages. I would have liked the author to 
have left this topic to one of the many 
excellent books now on the market, 
such as Operating Systems Concepts by 
Peterson and Siberchatz. At best, I 
would have devoted a few pages listing 
other sources of information. On this 
point I found my students’ opinions to 
differ. One group shared my opinion, 
while another felt that the chapter was 
essential, especially since the author 
used the classification introduced in 
that chapter throughout the book. 

Another introductory chapter was 
that on computer networks. Once 
again, I feel that a large number of 
excellent books exist, such as Computer 
Networks by A. Tanenbaum. We have 
required our students to have the 
equivalent material as a prerequisite. 
Those who have not had a course on 
computer networks appreciated that 
chapter. 

The main body of the book consisted 
of the last four chapters. I felt the chap¬ 
ters introducing the process and object 


models were too repetitive. They 
seemed to take forever to introduce a 
simple concept. Some of the distinc¬ 
tions were still unclear at the end of the 
next to last two chapters. The last two 
chapters, which had case studies of 
sample distributed operating systems, 
were the most interesting part of the 
book. These two chapters made the 
book worth reading. Of course, my 
enthusiasm is largely affected by the 
fact that I generally teach this course by 
going through case studies of actual sys¬ 
tems. I would have been happier if 
more space had been allocated for this 
survey. I would have liked more 


New from Pergamon. Approximate 
Reasoning in Intelligent Systems, Deci¬ 
sion & Control (204 pp., hardcover, 0 
08 034335 X, $50), E. Sanchez and L.A. 
Zadeh, eds., contains 12 papers on the 
realistic applications of approximate 
reasoning techniques, emphasizing 
operational systems. Pergamon Press, 
Headington Hill Hall, Oxford OX3 
0BW, UK or Maxwell House, Fairview 
Park, Elmsford, NY 10523, USA. 

Real-Time Programming (138 pp., 
hardcover, 0 08 034347 3, $39), J. 
Szlanko, ed., contains the proceedings 
of the 14th IFAC/IFIP Workshop held 
in Balaton, Hungary, May 26-28, 1986. 
It covers real-time environments and 
executives, software development tools 
and languages, and special real-time 
applications. 

Information Control Problems in 
Manufacturing Technology (354 pp., 
"hardcover, 0 08 033469 5, $85), A. Tal, 
ed., contains the proceedings of an 
IF AC symposium held in Suzdal, 

USSR, April 22-25, 1986. It covers flex¬ 
ible manufacturing systems, systems 
modeling, simulation, and software. 

Fixed industrial robots in manufactur¬ 
ing. A report called Robotics (248 pp., 
$337, $397 outside the US) describes 
industrial robots, how they are pro¬ 
grammed, and how they are integrated 
into manufacturing and process- 
oriented workcells. It also considers 
vision systems, microprocessors, expert 
systems, industrial end effectors, and 
commercial end-of-tooling. One section 


detailed discussions of how the differ¬ 
ent operating systems addressed concur¬ 
rency control, recovery, and other 
pertinent issues. 

The book lacked a discussion on 
transactions and the transaction model, 
specific concurrency control and recov¬ 
ery algorithms, etc. Therefore, I had to 
supplement it with a collection of 
papers. Overall, I believe the book to be 
a good introductory book. A void still 
exists for a more advanced book on dis¬ 
tributed operating systems. 

Ahmed K. Elmagarmid 

The Pennsylvania State University 


covers automatic guided vehicles. Other 
issues include robotic safety, checking 
and evaluating robots, and employee 
support for robots. Architecture Tech¬ 
nology, PO Box 24344, Minneapolis, 
MN 55424; (612) 935-2035. 


New from Springer-Verlag. The 

Machine Vision Sourcebook (366 pp., 
softcover, ISBN 0-387-16355-7, 

$143.50) by Don Braggins and Jack 
Hollingum provides an international 
directory to more than 200 manufac¬ 
turers and vendors of machine vision 
systems, plus consultants, research 
centers, and others. The MAP Report 
(155 pp., softcover, ISBN 0-387-16354-9, 
$145) by Jack Hollingum targets senior 
managers. It tells how to implement 
MAP. Implementing CIM (142 pp., 
hardcover, ISBN 0-387-16352-2, $29.50) 
by Anna Kochan and Derek Cowan dis¬ 
cusses implementing computer- 
integrated manufacturing. AGVS at 
Work (237 pp., hardcover, ISBN 
0-387-16677-7, $59) by Gary Hammond 
introduces automated guided vehicle 
systems. The International Robot (260 
pp., softcover, ISBN 0-387-16353-0, 
about $150) by Brian Rooks and John 
Mortimer reports on the products, mar¬ 
kets, and business activities of major 
robot manufacturers in the US, Japan, 
and Europe. The report details individ¬ 
ual robot types and sketches the major 
companies. Springer-Verlag New York, 
PO Box 2485, Secaucus, NJ 07094; 

(201) 348-4033 or (800) 526-7254. 
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WORKSHOP ON FAULT TOLERANCE 
IN 

PARALLEL AND DISTRIBUTED COMPUTING 


December 7-8,1987 


Sheraton Harbor Island Hotel 
San Diego, California 


Sponsored by: 

OF THE IEEE PUTE ♦. ELECTRONIC^ ENGINEERS,'^NC. 


OBJECTIVE 

The emergence of several commercial parallel 
and distributed systems created the need for 
more sophisticated methods of reliability 
evaluation, fault diagnosis and fault tolerance. 
In fact, parallel and distributed systems were 
originally designed with a promise of higher 
reliability and availability. What has become of 
this promise will be challenged and discussed 
at the workshop by bringing together 
researchers, designers and implementors of 
parallel, distributed and fault-tolerant systems. 

ORGANIZERS 


Miroslaw A. Malek (University of Texas at 
Austin) 

Dhiraj K. Pradhan (University of 
Massachusettes at Amherst) 


PROGRAM COMMITTEE will include: 

H. Kopetz (Austria) 

E. Nett (West Germany) 

D. Siewiorek (USA) 

L. Simoncini (Italy) 

Y. Tohma (Japan) 


IMPORTANT DATES 

September 15,1987 Submission Deadline 
October 15,1987 Notification & 
Acceptance 

November 6,1987 Registration Deadline 


TOPICS 

The following topics are of special interest in 
parallel and distributed computing environment: 

• Dependability Modeling and 
Measurements 

• Methods and Tools for Evaluation 

• Theoretical System Models 

• Failure Modes 

• Fault Detection and Isolation 

• Recovery and Reconfiguration 

• Temporal Aspects of System Design 

• Special Purpose Reliable 
Multiprocessors 

• Communication and Synchronization 

• Reliable Operating Systems 

• Case Studies 

INFORMATION FOR PARTICIPANTS 

The topics listed above will be covered in short 
presentations by workshop participants. These 
presentations should emphasize theory and 
practice of fault-tolerant parallel and distributed 
computers. The attendance will be limited in 
order to facilitate open discussion and enhance 
interactions. Each presentation will be limited 
to 10 minutes followed by 20 minute 
discussions. Each participant should submit 8 
copies of up to two pages summary of 
proposed presentation and/or experience in 
parallel/distributed computers fault tolerance to: 
Professor Miroslaw A. Malek 
Department of Electrical and Computer 
Engineering 
University of Texas 
Austin, Texas 78712, U.S.A. 

Tel: (512)471-5704 
ARPANET address: 
malek@ngp.UTEXAS.EDU 
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ysis is wrong 


For starters, you probably think of 
:rfo 


software performance analysis 
tools as some sort of software 



Wrong. The NWIS Software 
Analysis Workstation™ (SAW) 
uses sophisticated hardware to 
sample your software. There’s 
no intrusion into your mem¬ 
ory space or CPU cycle steal¬ 
ing. The SAW operates in 
real-time and non-statisti- 
cally. You capture every 
occurrence of the events 
specified, not just a random sample. 

You might also think performance analysis is limited to very 
narrow windows of real-time execution. 

Wrong again. With the SAW, you can now analyze days of 
execution in a single run, instead of just a millisecond or two. 
With total accuracy. 

You also might associate performance analysis with assem¬ 
bly code. Even though the majority of your code is probably 
compiled from high-level source. 


Very wrong. The SAW is the i 
first tool which lets you work 1 
directly with high-level source 
code definitions, such as proce¬ 
dures, modules and global 
variables. 

Finally, you might imagine ] 
performance analysis to be a 
stand-alone tool. But the SAW 
changes that for good. In the 
very same system, you get 
high-level symbolic trace, 
assembly-level trace, time- 
aligned multi-processor 
trace and code coverage analysis. All these tools are compiler/ 
assembler and host development computer independent. 

In short, the SAW is everything you hoped software per¬ 
formance analysis could be, but wasn’t. Let us connect the SAW 
to your target system and you’ll see 
why. For anon-site demo and free 
applications library, phone: 

1 - 800 - 547-4445 
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